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Elastoplast 


Elastoplast ‘Airstrip’ is a new type of 
first aid dressing. It is made from a 
specially developed plastic material, 
through which sweat and skin exudates 
evaporate at the same rate as they 
develop on the skin. The material is, 
in fact, a micro-porous extensible 
filter, and is not perforated. It pro- 
vides a barrier to water, grease and 
infective organisms. 


a waterproof, yet non-occlusive, 
adhesive first aid dressing that 
prevents maceration 


Even after long application, 
Elastoplast ‘Airstrip’ does not cause 
the underlying skin to macerate. The 
adhesive is specially spread in a lattice 
pattern so that micro-porosity is 
retained and firm adhesion not 
impaired. The surface of the wound 
and the surrounding skin remain dry 
beneath an ‘Airstrip’ dressing, which 
can be left on until the wound heals. 


The plastic material consists of a 
micro-porous extensible filter, air-permeable 
yet waterproof. Sweat and skin exudates 
evaporate freely through it. 
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The pad stretches with 
the plastic material. 
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DALMAS 


introduce 


their NEW 
Individually SEAL-WRAPPED DRESSINGS 
bringing these advantages to YOU! 


1. Keep absolutely hygienic prior to use 


2. Soeasily handed out for self-application 
after initial treatment 


BULK PACKS 


Cat. No. Size Boxes Boxes 
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Advertised and introduced ONLY 


to the Medical Profession 
for the treatment of aN 


BURNS ° SCALDS - SEPTIC WOUNDS 
Bactericidal, Soothing, Healing Properties 
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The urgency of treatment for Burns and 
Scalds is well supported by Bornolin 


% PAIN IMMEDIATELY RELIEVED, LOSS OF SERUM 
CHECKED, PROGRESSIVE AND RAPID HEALING 
PROMOTED, WITH MINIMAL SCARRING 


PACKINGS AND BASIC N.H.S. PRICE: Tubes of 40 gm. 2/3 each; 
1 /b. jar 20/- net. Samples and literature on request 
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May be prescribed on Form E.C. 10 


-BENGUE & CO, LTD,, Manufacturing Chemists, 
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THE HOSPITAL SERVICE PLAN 


Offers specially attractive facilities for business people to meet the expenses of 
treatment as 


PRIVATE PATIENTS 


BUSINESS GROUP SCHEMES 
may be “ Tailor-made to suit 
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EUSton 5166/7/8 


For full details apply to: 


The Secretary, THE HOSPITAL SERVICE PLAN, Tavistock House South, Tavistock Square, 
London, W.C.! 
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‘ANTHISAN’ BRAND MEPYRAMINE MALEATE CREAM 


A rapidly effective antihistamine and analgesic preparation for 
symptomatic relief in allergic and sensitization dermatoses and 
other irritant skin conditions. 


TOPICAL THERAPY WITH & 


“BRULIDINE’ BRAND DIBROMOPROPAMIDINE CREAM 


A general purpose anti-infective cream for the prevention and 
treatment of infection in wounds and for the treatment of, 
impetiginous skin conditions. 


““PHENERGAN’ BRAND PROMETHAZINE CREAM 


For the rapid control of inflammation, swelling and pain, and & 4 * 
for the prevention and treatment of infection in burns and \% %. *, 
scalds. ‘ 


Detailed literature is available on request *trade mark 
MANUFACTURED BY @) MAY & BAKER LTD 


M&B brand Medical Products MA.2640 
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Waterproof First Aid Dressings 
are intended for use when a 
wound is exposed to water, or 
contamination from oil, dirt, etc., 
and also where necessitated by 
hygienic requirements. 


Illustrated is our most popular 
assortment of such dressings 
(Adaptopruf No. M207) consis- 
ting of 114 adhesive plasters of 
five different sizes. Each has a 
dressing pad of soothing, quick 
healing Euflavine, a most effective 
medicament equally for wounds 
and burns. 


Whenever a waterproof plaster 
is not essential we recommend 
Adaptoplast First Aid Dressings 
be used. 
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ASSESSING THE HEALTH OF THE 
INDUSTRIAL WORKER* 


BY 


R. S. F. SCHILLING 
From the Rockefeller Unit of Occupational Health, London School of Hygiene and Tropical Medicine 


In assessing the influence of an occupation on 
health, the main criterion must be disease, for it is 
measurable whereas “ health ” so far defies reliable 
measurement. The association between disease and 
occupation is easily observed when the clinical pic- 
ture is clear as in lead poisoning or silicosis; but 
sometimes it is so obscure that it is only recognized 
by a man with a sharp and experienced mind. Sir 
Thomas Legge (1934), when told of two fatal cases 
of tetanus among Dundee jute workers, remembered 
that the Solomon Islanders poisoned their spears by 
dipping them into mud which was a culture of 
tetanus bacillus. It occurred to him that the alluvial 
soil of Bengal in which the jute was grown might be 
rich in the spores of tetanus bacilli which were then 
brought to Dundee on the jute fibres. His hypothesis 
was confirmed. 

The relatively simple association of cause and 
effect in much industrial disease and injury led 
inevitably to a narrow concept of industrial medicine. 
But today the industrial medical officer and research 
worker in addition to investigating ways of prevent- 
ing clear-cut occupational hazards are expected to 
determine the extent to which many physical and 
psychological factors at work may be related to 
illness. Indeed every doctor in charge of patients is 
faced with this sort of question: Is the foreman’s 
duodenal ulcer caused or aggravated by his work ? 
Has the dust from the metal grinder’s work been 
the main cause of his chronic bronchitis ? Has stress 
played a part in the aetiology of the business 
executive’s coronary heart disease ? These questions 
are extraordinarily difficult to answer. Yet, as 
doctors, we often accept too readily that work 
causes or aggravates disease and restrict our patients 
unnecessarily, often to their detriment (Melville 
Arnott, 1955). 

Doctors in hospital and in general practice have 


* The Mackenzie Industrial Health Lecture of the British Medical 
Association delivered on September 25, 1956, at B.M.A. House 
during the 21st anniversary meeting of the Association of Industrial 
Medical Officers. 
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that most cherished responsibility of looking after 
individual patients. Those in industrial medicine 
have less responsibility for individuals but have 
opportunities, denied to their colleagues in hospital 
and general practice, to study the distribution 
of disease in groups of people. By using the 
methods of epidemiology and looking at groups 
of workers, it is possible to get information which, 
even if it does not answer all the questions about 
the occupational causes of disease, may at least 
show that work is not always harmful and guide 
doctors in their care of individual patients. In this 
way Doll and Avery Jones (1951) in an epidemio- 
logical study of the prevalence of peptic ulcer in 
some 6,000 workers discredited the commonly held 
views that drivers of motor vehicles are especially 
susceptible to peptic ulcer and that irregular shifts 
predispose workmen to this disease. 

Observing the patterns of disease in groups of 
people may be the only way of detecting some 
occupational hazards and of assessing their influence 
on health. It is a method which has been applied 
extensively to occupational mortality and mor- 
bidity data and is being used increasingly in clinical 
studies of groups of workers. 


Occupational Mortality 

The Registrar General (1855) first published 
occupational mortality rates for the year 1851. As 
the mouthpiece of William Farr, he wrote: “* Laud- 
able attempts have been made by ingenious men to 
determine the effects of profession on health by 
general observation unaided by exact recorded facts. 
Ramazzini and Thackrah in this way deduced some 
useful practical results and rules for improvement 
of the health of artizans.”” But Farr was clearly 
disturbed by sources of error in his own figures and 
concluded that occupational mortality statistics 
could only indicate the direction of further enquiry. 
At the same time, a remarkably versatile epidemiolo- 
gist, Dr. Edward Greenhow (1859), was using the 
Registrar General’s data to compile a vast range of 
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mortality rates for the inhabitants of certain counties 
and districts of England and Wales. He wanted 
facts for teaching sanitary science to the students of 
St. Thomas's Hospital—an example to the teachers 
of social and industrial medicine today !| Greenhow 
found that the death rates for pulmonary disease in 
men ranged from 221 to 1,440 per 100,000 in different 
districts. He compared the rates of the lead mining 
districts of Alston in Cumberland and of Reeth in 
Yorkshire with those of Haltwhistle. The latter 
provided an excellent comparison because it was 
contiguous with Alston but without lead-mines 
(Table 1). He concluded that the excessive mortality 
among the men in Alston and Reeth was associated 
with lead mining. 


TABLE | 


AVERAGE ANNUAL DEATH RATES FOR PULMONARY 
DISEASE FROM 1848 TO 1854 PER 100,000 FOR AGES 20+ 


| Male Female 
Haltwhistle | 374 583 
Alston 1,440 779 
Reeth 1,298 717 


The occupational mortality statistics for 1851 
were the first of a vast series published by Farr and 
his successors at the General Register Office. Since 
Farr’s day, the value of death rates as a pointer to 
occupational hazards has been enhanced by refined 
occupational groupings. And by recording the 
mortality rates of the wives of occupied persons, 
it has been possible to distinguish between occupa- 
tional and socio-economic hazards. 

Many research workers have followed the example 
of Greenhow in using records of deaths either from 
the Registrar General’s figures or other sources to 
assess the influence of occupation on health. Within 
the last 10 years studies of occupational mortality 
have revealed or confirmed risks of lung cancer in 
arsenic, asbestos, and gas workers (Bradford Hill 
and Faning, 1948; Doll, 1952, 1955) and lent 
support to the hypothesis that physical activity in 
work protects people from coronary heart disease 
(Morris and Heady, 1953). 

Nevertheless, occupational mortality rates may 
mislead by indicating non-existent hazards or failing 
to show important ones. For example, the Registrar 
General has consistently recorded high cardiovas- 
cular-renal death rates for cotton workers exposed to 
dust. The assertions made on the strength of these 
rates, that exposure to cotton dust causes hyper- 
piesis (British Medical Journal, 1947) and that 
cardiovascular disease was a more serious occupa- 
tional risk to cotton workers than respiratory 
disease (Stevenson, 1932), misled me into a field 
study of heart disease in the Lancashire cotton 
industry. The apparent excess of cardiovascular 
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deaths is explained by the fact that many of the 
deaths from respiratory disease have been recorded 
incorrectly as due to heart disease.* 

The Registrar General’s data are not sufficiently 
detailed to indicate other hazards such as the risk 
of those exposed to benzol and its compounds 
dying of aplastic anaemia, leukaemia, and liver 
necrosis, or of dyestuff workers dying of bladder 
tumours. Nor are these data relevant to the in- 
vestigation of diseases such as rheumatism and 
neurotic illness which have high morbidity but low 
fatality rates. 


Sickness Absence 

Many occupational diseases which are not fatal 
may be revealed by scrutiny of sickness absence 
rates. Such statistics are beset with the difficulties 
fully described by Bradford Hill (1955). Sickness 
absence in industry has to be defined as incapacity 
to work which is not solely dependent upon a 
pathological condition, but upon many other factors 
as well. The nature of the employment is particu- 
larly important. A clerk with a fractured wrist can 
work. A bus driver cannot. The payment of wages 
during absence has variable effects upon the readi- 
ness with which a worker absents himself (Denerley, 
1952; Buzzard and Shaw, 1952). The methods of 
recording sickness vary. Sometimes long absences 
and short absences are excluded, sometimes not. 
All these matters must be taken into account in 
sickness statistics and particularly when contrasting 
one industry with another, one factory or occupa- 
tional group with another. Selective recruitment and 
discharge may be important. Age and sex (and 
with women, marital status) are known to affect 
sickness-absence rates very much. With such 
difficulties of analysis and interpretation, the sickness- 
absence statistics kept by industry may be quite 
useless in assessing the health of various groups of 
workers. But analyses in which these factors are 
allowed for have been valuable. 

I will give two examples of their recent use by 
industry and the industrial medical officer. Gregory 
(1955) found that men in gas works had higher 
sickness absence rates for bronchitis than men 
employed in the district as fitters and meter readers. 
Further enquiry indicated that exposure to dust was 
a more important factor in the aetiology of their 
bronchitis than exposure to heat, fumes, and gases. 

The contribution to the study of sickness absence 
of the London Transport Executive (1956) is im- 
portant because it describes reliable methods of 


* Before 1939 any cardiovascular disease was selected by the 
Registrar General as the cause of death in preference to any respira- 
tory disease where both were on the same death certificate. 


j 
i 
| 


| 


ASSESSING THE HEALTH OF WORKPEOPLE 


20> x---xBus drivers 
o—o Conductors 


SPELLS 


25 30 35 40 45 50 55 60 65 
AGE (yrs) 


Fic. 1.—Absences (spells) for functional nervous disorder per 1,000 
workers per year for central bus drivers and male conductors in 
London (1949-52). + 


analysis and gives absence rates for various occupa- 
tions which, by comparison, may show the effects 
of different work. Among several interesting 
comparisons one may be quoted: bus conductors 
have more sickness absence than drivers, and the 
differences are most marked for functional nervous 
disorders in men aged 50-59 (Fig. 1). These figures 
raise a number of questions. Is the conductor a 
different type of person from the driver ? Is it more 
nerve-racking to deal with people who ride on buses 
in London than with London traffic ? Or is this a 
phenomenon of the selective discharge of emo- 
tionally unstable bus drivers but not of conductors ? 
As drivers are known to have more coronary heart 
disease than conductors (Morris, Heady, Raffle, 
Roberts, and Parks, 1953), these figures do not 
support the notion that nervous strain is an im- 
portant cause of coronary heart disease. 


Treatment Records 

Treatment records in industry are sometimes used 
to measure occupational health, but they may be 
an unreliable index of minor accidents and illnesses. 
Whether or not a worker reports for treatment 
depends on many things. Some make light of minor 
ailments. Others make the most of them. Distances 
from the ambulance room, the personality of the 
nurse, the possible loss of wages—may all influence 
the worker’s decision to attend for treatment. 
Williams and Capel (1945) have shown that the 
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proportion of injured factory workers who attend 
for treatment may vary from 9% to 25%. 

Newbold (1926) found that people who have the 
most accidents are usually those who pay most 
visits to the ambulance room for minor ailments. 
Her results (Fig. 2) have been taken to indicate an 
association between ill-health and proneness to 
accidents. But, clearly, recorded minor ailments 
and injuries and the association between them may 
be influenced by factors which have nothing to do 
with health or the hazards of work. Yet it is possible 
to avoid some of the pitfalls in using these records. 
Edmonds, Fernandez, and Bates (1954) showed that 
workers at the coal face suffered much more from 
boils of the arms and legs than other underground 
workers and those on the surface (Table 2), and 
that boils among colliers are an important cause of 
lost production. When observed with care, the 
records of minor injuries may reveal departments or 
particular classes of work in which there is a high 
risk of injury and thus indicate where preventive 
action is most needed. 


TABLE 2 


INCIDENCE OF BOILS PER 100 EMPLOYED IN THREE COAL - 
MINES OVER A PERIOD OF TWO YEARS* 


| Head and Neck | Arms and Legs 


Coal-face workers 4 | 13-5 
Other underground workers - | 5 
Surface workers 5-5 a 


* Recurrent attacks are not included in these figures. 


Field Surveys 
Studies of mortality and morbidity rates may only 
point to occupational hazards and may have to be 
followed by field surveys in which workers and their 
environment are examined. The excess of deaths 
from pulmonary disease which Greenhow found 
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Fic. 2.—Relationship between minor accidents incurred by male 
workers and sickness visits to the ambulance room (Newbold, 
1926). 
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in Alston when compared with Haltwhistle pointed 
to lead mining as the cause. Only clinical and 
radiological observation of miners could show the 
extent and nature of the risk. Greenhow (1861) 
later visited the lead mines to look for causes of the 
mortality excess in the men of Alston and Reeth. 
He gave a good clinical description of silicosis, 
calling the disease “ miner’s asthma”. He also 
referred to the dangerous dust in the mines driven 
through sandstone and shale. His work is an excel- 
lent example of statistical research leading to clinical 
and environmental observation. He had no radio- 
graphs, no apparatus for measuring dust concentra- 
tions, but his field survey confirmed his deductions 
from mortality statistics. 

In field surveys, individuals may be examined 
clinically, by set questionnaires, or by interview. 
In this type of work there are difficulties which do 
not arise in the statistical analysis of mortality and 
morbidity data. Little or nothing can be done 
without the cooperation of the population or a 
sample of it. If a minority refuses to be seen or is 
unavailable, those who are seen may not be repre- 
sentative of the whole population. In these circum- 
stances, the research will lose much of its value. A 
low lapse rate is usually achieved only by hard and 
painstaking preparation in gaining the support of 
the workers, their unions, and their employers. A 
research worker who believes that his work is 
worth while is usually a good advocate, and work- 
men who think that the investigations are likely to 
be valuable will invariably cooperate. 

Many errors occur in observing clinical signs, in 
reading radiographs, in taking histories of symptoms, 
and so on. Much that is recorded may be unreliable 
and the validity of the observations and answers 
given to questions has to be tested before the data 
can be used. If these problems are overcome the 
field survey can be a valuable instrument of research 
giving information about the influences of occupa- 
tion on health which is not obtainable from mor- 
tality and morbidity data alone. It is par excellence 
the method of research for the industrial medical 
officer. By his clinical contacts with the sick and 
injured, he has a unique opportunity to spot 
problems for investigation. And because he 
“ belongs * to the factory or mine or whatever it 
may be, he should easily secure cooperation. His 
main difficulty may be that he has to use scientific 
methods which he is unlikely to have learnt as a 
medical student. I will give three examples to 
illustrate the value of the field survey. 


Rheumatism and Respiratory Disease in Coal- 
miners.—Coal-miners are known to suffer unduly 
from rheumatism. Their incapacity rate for rheu- 
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matic complaints has been found to be twice as 
high as that of other workers (Department of Health 
for Scotland, 1945). But the nature of these com- 
plaints was not well understood until a field survey 
by Lawrence and Aitken-Swan (1952) showed that 
in middle age more miners were disabled with pain 
in the back and knees than non-miners. This led 
to a more detailed radiological study of miners and 
controls by Kellgren and Lawrence (1952). They 
showed that lumbar disk degeneration was the main 
cause of the disability (Table 3). 


TABLE 3 


RADIOLOGICAL CHANGES IN SPINES OF MINERS AND 
NON-MINERS AGED 40 TO 49 YEARS 


| 


Percentage 
| Number Seen | with Lumbar Disk 
Degeneration 
Miners 84 92 
Other manual workers 45 36 


Office workers 42 | 33 


Certification rates for coal-miners’ pneumoconio- 
sis are sometimes used to indicate the prevalence 
of this industrial disease. But these rates only show 
the proportion of men applying for pensions who 
are considered by the pneumoconiosis panels to be 
disabled, and do not show latent disease or include 
the men who are disabled but do not apply for a 
pension. Cochrane (1951) has demonstrated the 
enormous difference there may be between certifi- 
cation rates and radiological prevalence of disease. 
In three pits the ratio varied from 100 : | to6: 1 
(Table 4). 


TABLE 4 


COAL-MINERS’ PNEUMOCONIOSIS RATES PER 1,000 
UNDERGROUND WORKERS 


Pit | By Certification By Radiological Survey 

A 97 593 al 
B 2 264 

Cc 14-5 295 


More recent field surveys of miners have thrown 
doubts on the value of the radiograph as the sole 
index of industrial pulmonary disease. In South 
Wales a significant number of miners compared with 
non-miners had severe respiratory disability without 
radiological evidence of pneumoconiosis (Carpenter, 
Cochrane, Gilson, and Higgins, 1956). In the United 
States of America, Pemberton (1956) found that 
chronic bronchitis was much commoner in a com- 
munity of miners than of non-miners. While this 
respiratory disability may be the result of industrial 
pulmonary disease which is not shown radiologically, 
it may be associated with social influences. In 


England and Wales miners’ wives, who share the 
same social environment as their husbands, also 
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have a mortality excess from bronchitis (Registrar 
General, 1954). It is only by more detailed field 
surveys that it should be possible to determine the 
relative importance of atmospheric pollution at 
work and away from work as aetiological agents in 
chronic bronchitis. 


Respiratory Disease in Women Cotton Workers.— 
The occupational health problems of women are 
seldom studied because women are much less exposed 
to risk than men. But in the Lancashire cotton 
industry more women than men work in the dusty 
card rooms. There are no occupational mortality 
data for them because the Registrar General groups 
together all women in the textile trades. Bradford 
Hill (1930), in a study of sickness absence, showed 
that women card-room workers had a slight excess 
from respiratory complaints compared with women 
working in the spinning rooms. Nevertheless, the 
extent of this risk was not understood until it was 
shown in a clinical survey of card-room workers 
that 35% of some 200 middle-aged women card- 
room workers had byssinosis and that those who 
worked near to the carding engines were most 
affected (Schilling, Hughes, Dingwall-Fordyce, and 
Gilson, 1955). 

The field survey may be of value in studying 
diseases which have a relatively high prevalence, 
but it is less useful when the prevalence is low, as in 
lung cancer in chromate, asbestos, and arsenic 
workers, because such large populations have to 
be seen in order to get conclusive results. 


Conclusion 


In a survey of some 3,000 industrial workers, 
Russell Fraser (1947) showed without much doubt 
that a high proportion of men and women had 
suffered from disabling neurotic illness. Anyone 
with experience of industry knows that mental 
health and its relationship to work is an important 
problem in industrial medicine. We see every day 
what we imagine to be the devastating results of the 
impersonal atmosphere of the large workshop, of 
managers and foremen ill-suited for responsibility, 
of the misfit in the meanest of jobs. But in relating 
illness to occupational stress neither mortality nor 
morbidity data are very illuminating, and much 
surer and simpler methods of assessing neurotic 
illness need to be devised before field surveys can 
give valid results (Medical Research Council, 1955). 
And “health’’, defined as it has been by the 
World Health Organization, as physical, mental, 
and social well-being and not merely the absence 
of disease, continues to defy reliable assessment. 

It seems that we must await the development of 
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better techniques for assessing mental illness and 
determining its cause, and we must define health in 
terms that are measurable. Until this is done, the 
research worker will be inclined to leave “* health ”’ 
and mental illness aside and study disease which can 
be measured. As he grows older and becomes more 
aware of the immense difficulties of methodology 
in occupational health research, he will derive more 
satisfaction from planning and completing neat and 
conclusive investigations than from making heroic 
attempts to achieve unattainable ideals. This 
feeling towards research has been well expressed by 
Sir Walter Morley Fletcher (1929), who was Secretary 
of the Medical Research Council for 20 years: 


** If we attempt to measure the value of the scientific 
life within the community we must put in the first 
place not the material fruits that spring from it but 
the service it does to our reverence for truth and for the 
beauty it portrays.” 
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THE CONTROL OF INDUSTRIAL BLADDER TUMOURS 


A Code of Working Practice Recommended by the British Dyestuffs Industry for the Manufacture 
and Use of Products Causing Tumours of the Bladder 


BY 
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From the Papilloma Committee of the Association of British Chemical Manufacturers 
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Bladder tumours have been recognized as an 
occupational hazard amongst dyestuffs workers for 
over 60 years. The news of this hazard reached 
Great Britain in 1912 following the visit of Thomas 
Legge, then H.M. Senior Medical Inspector of 
Factories, to Frankfurt-am-Main in 1911 (Legge, 
1912, 1913), but it was not until 1926 that the first 
cases in England were described by members of the 
factory medical inspectorate (Bridge, 1927). The 
first contribution from the industry itself came from 
Wignall in 1929. By 1933 Bridge, H.M. Senior 
Medical Inspector of Factories, reported that 28 
deaths from occupational bladder tumours had come 
to his notice. Goldblatt (1949) described 101 cases 
from a group of British factories and Scott (1952) 
recorded 66 cases from yet another works. 

In 1947 the Dyestuffs Group of the Association 
of British Chemical Manufacturers (A.B.C.M.) set 
up and financed a major research project on in- 
dustrial papilloma of the bladder. This has been 
described in a booklet which was circulated to 
managements, trades unions, and workmen (1953). 
A scientific committee was appointed under the 
chairmanship of Professor A. Haddow to guide 
research work into the cause, consider diagnostic 
methods, and examine preventive techniques. A 
sub-committee was invited, under the chairmanship 
of Mr. N. Strafford, to provide accurate methods 
for the analysis of suspected compounds under 
industrial conditions (Butt and Strafford, 1956). In 
1948 a research fellow, Dr. R. A. M. Case, was 
appointed at the Chester Beatty Institute to conduct 
an investigation into the industrial data. This 
enquiry covered the records of over 30 years of 
the manufacture of dyestuffs and their intermediates 
in Great Britain. The resuits and the statistical 
analysis were published in 1954 (Case, Hosker, 
McDonald, and Pearson, 1954). 

Case and his co-workers were able to produce 


statistical proof that contact with alpha-naphthyla- 
mine, beta-naphthylamine and benzidine, three 
compounds which had previously been suspected, 
caused a significant incidence of bladder tumour 
amongst the men engaged in their manufacture or 
use. No evidence was found to inculpate aniline 
and it is now considered that under the conditions 
of its manufacture and use in this country it is not a 
significant cause of bladder tumour, and that the 
name aniline cancer of the bladder is an unfortunate 
misnomer. Suspicion, however, fell on the manu- 
facture of magenta and auramine and further data 
collected and analysed confirmed that the risk also 
existed in connexion with their manufacture. The 
results of the study were at once given to the Ministry 
of Pensions and National Insurance, and in 1953 
papilloma of the bladder was prescribed as an 
industrial disease in occupations involving contact 
with alpha-naphthylamine, beta-naphthylamine, or 
benzidine, and the manufacture of auramine or 
magenta. 

Progress had already been made in many direc- 
tions to improve the methods of protection from the 
compounds now proved to be carcinogenic, but it 
was obviously necessary not only to devise the safest 
possible method of working but also to be able to 
assess the efficacy of those measures in eradicating 
the tumours. We were, therefore, invited by the 
A.B.C.M. to draw up a “ code of industrial practice” 
to cover the manufacture and use of known or 
suspected biadder carcinogens and the present paper 
is based on the recommendations made to the 
member fiiins of the Association in 1953 now brought 
up to date. Many of these recommendations have 
been made before but it is felt that repetition is not 
without virtue in this context. 

This report is based on the following premises 
which are now generally accepted in Great Britain 
and which have been confirmed by the report on the 
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field survey, by other published reports, and by the 
industrial experience of the authors :— 


(a) 


(b) 


(c 


That the high incidence of bladder 
tumours has occurred in men working on 
the manufacture or handling of beta- 
naphthylamine, benzidine, and to a lesser 
extent, alpha-naphthylamine. 


That there is a widely variable latent 
period (or induction period) between 
entry to the industry and onset of the 
tumours. This may range from one to 45 
years with an average of 18 years and the 
most common time of development is 
between 15 and 20 years. This does not 
necessarily coincide with the period of 
exposure, which also varies widely. Ex- 
posure periods of a few months are 
accepted as being sufficient to cause a 
tumour. 


That the process of tumour development, 
once initiated, is irreversible and is not 
arrested by cessation of exposure. Thus 
the exposure period may, in those who 
leave the industry and subsequently 
develop a tumour, be shorter than the 
latent period. During this time it is not 
possible to demonstrate any pre-tumour 
changes in the bladder, nor is any method 
of treatment known which would prevent 
the development of a tumour. 


(d) That the onset of tumour and death 


(e) 


occurs at much earlier ages in those who 
enter the industry before the age of 30 
than in the general population or in 
entrants over 40. This may be applied 
as a rough test for occupational hazard, 
i.e., death from bladder tumours in 
younger age groups would give rise to 
the suspicion that the tumours were of 
occupational origin. It is not thought 
that younger people are more susceptible 
to the disease but only that the younger 
the age at entry into the industry, the 
younger will be the victim at onset should 
a tumour develop. Older people are in 
fact more likely to develop spontaneous 
tumours of nearly every type including 
bladder tumours. 


That the proportion of exposed persons 
who will be affected is influenced by the 
intensity and duration of exposure. The 
higher the * dose *’ as determined by these 
two factors, the greater will be the number 
affected. 
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(/) That the mean latent period is influenced 
by the type of carcinogen. It had pre- 
viously been thought that the severity or 
length of exposure might influence the 
latent period and this is the case in a 
number of recorded animal experiments. 
The statistical analysis, however, did not 
confirm this view. 


(g) That the cancer-producing potency of 
these substances in industry varies, 
technical beta-naphthylamine being about 
twice as potent as benzidine and four 
times as potent as technical alpha- 
naphthylamine. It is strongly recom- 
mended that all compounds which are 
known or suspected to be cancer- 
producing should, where manufacture is 
necessary, be manufactured and handled 
with equally stringent precautions as far 
as is technically possible. 


(h) That alpha-naphthylamine may be a 
carcinogen itself apart from its beta- 
isomer impurity. Therefore even if alpha- 
naphthylamine can be manufactured free 
of its beta-isomer impurity it should still 
be regarded as dangerous, unless over- 
whelming proof to the contrary could be 
adduced. 


(i) That aniline does not cause occupational 
tumours of the bladder in men engaged 
in its manufacture or use. 


(j) That there is an occupational hazard of 
bladder tumour in the manufacture of 
auramine and magenta with a latent 
period of the same order as the other 
occupational cases. This does not neces- 
sarily mean that the finished products, 
auramine and magenta, are themselves 
the causal agents and the statistical 
analysis could not elucidate this point. 


Case and others (1954) give a statistical estimate 
of the number of cases that may be expected in the 
future from the people who have already been 
exposed. Case (1953) has also set out a method by 
which it is possible for a firm in Britain to estimate 
the number of deaths that might arise by the non- 
occupational risk of the disease. A comparison of 
this with the observed number can be used to detect 
dangers associated with unsuspected processes and 
eventually to test the efficacy of new precautions. 
Case and Lea (1955) have described a more general 
and simpler method of achieving this object, and, 
in conjunction with Case and Pearson’s tables 
(Registrar General's office, in the press), the method 
can be applied to other forms of cancer as well. 
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Description of the Disease 

Occupational tumours of the bladder present all 
clinical and histological stages between benign 
papillomata and infiltrating carcinomata. A papil- 
loma may undergo malignant change. The tumours 
occasionally occur in the ureter or the pelvis of the 
kidney (Macalpine, 1947). There is no demonstrable 
difference between those contracted by chemical 
workers and those arising in the general population. 

Recurrences are frequent and tumours may recur 
as papillomata or as carcinomata irrespective of the 
nature of the original lesion. It is thought that 
many of these so-called recurrences are fresh 
tumours arising in an already activated bladder 
mucosa. The usual complications, such as haemor- 
rhage and infections, occur with either type of 
tumour. 

The onset is insidious and the disease may be 
advanced or even incurable before any symptoms 
or signs appear, but, on the other hand, it is common 
for severe symptoms to occur in the early stages 
when treatment is likely to effect a cure. Usually, 
the first sign is haematuria, but bleeding may not 
be visible even in advanced disease. Another sign is 
pyuria caused by the tumour surface ulcerating or 
becoming infected. Other signs or symptoms such 
as dysuria or frequency may arise, depending on 
the stage to which the tumour or its complications 
has advanced. It will be obvious from this that any 
haematuria, even in microscopic amounts, must be 
regarded with suspicion and this is extremely im- 
portant in early diagnosis. 

Because of the tendency to recurrence, it follows 
that once a tumour has been treated it is necessary 
to have regular follow-up examinations and review 
of each case at suitable intervals. Even when 
apparent cure has been maintained over many years 
at least annual re-examination should be continued. 
In view of the long latent period, in some cases over 
30 years, it also follows that once a man has been 
exposed for a sufficient time to chemicals which can 
cause bladder cancer he remains at risk for the rest 
of his life, whether he continues to work with them 
or not. We consider that a period of six months’ 
exposure can be sufficiently long but even shorter 
periods may come to be accepted as sufficient to 
induce a tumour. 


PART I 
Medical Recommendations 
This section deals with the medica! control of the 
hazard, with selection and education of workers, the 
methods of protection, and the keeping of records. 
Our recommendations for ensuring the early diag- 
nosis of tumours in industrial workers at risk are 
the subject of a separate paper (Crabbe, Cresdee, 


Scott, and Williams, 1956), which should be studied 
in conjunction with these recommendations. 


Medical Control.—Medical control is essential to 
ensure (1) proper selection and adequate medical 
supervision of workers; (2) early diagnosis of bladder 
tumours; (3) liaison with the family doctor, the 
urologist, and the hospital; (4) the follow-up of men 
with established tumours from the point of view 
of their treatment, regular reviews, and working 
capacity; (5) general supervision of the health of 
workers, supervision of plant hygiene, investigation 
of the records to determine the incidence of sickness 
due to bladder disease. 

It is recommended, therefore, that where there is a 
hazard there should be a medical officer, either full- 
time or part-time, depending on the amount of work 
involved. It is desirable that all investigation and 
treatment should be undertaken with the cooperation 
of the workman’s family doctor and that, if possible, 
all the cases in one area should be treated by the 
same surgeon or unit, who would thus gain valuable 
experience of industrial tumours. To this end the 
works doctor should approach the man’s family 
doctor to arrange through him the necessary in- 
vestigation or treatment by the surgeon with whom 
he would also be in touch. 

It is an important part of the treatment and 
rehabilitation of these cases that they should be 
enabled to continue at work and not become chronic 
invalids; here again it is essential to have skilled 
medical advice on their capacity for work and 
placement in a job. 


Records.—The following records should be 
maintained in relation to each suspected carcino- 
genic substance: 


1. (a) Plant and processes. Chemical and physical 
form of products during process and 
isolation (e.g., base, sulphate or hydro- 
chloride, etc.) 

(6) Quantities manufactured and handled 
(c) Methods of manufacture and handling 
with dates of changes 
(d) Type and design of plant used with dates 
of changes 
(e) Plant hygiene precautions 
(/) Duration and types of shift worked 
2. The following records should be maintained 
in relation to each man working with these com- 
pounds :— 


(a) Name and address 

(b) National Insurance number 

(c) Date of birth 

(d) Date of entry into the industry 

(e) Date of starting hazardous occupation 
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(f) Previous significant occupational history 
(g) Works history 

(h) Any significant accidental contamination 
(i) Particulars of death certificate 


The information compiled from these records is 
essential for a precise assessment of the hazard in 
the future. They need not necessarily be kept by the 
medical officer but should be available to him. Many 
of these particulars will already be recorded by the 
technical and labour departments. 

Where no records have existed previously a 
register should be compiled with these particulars, 
as far as they can be ascertained, in respect of 
present and past workers. This is similar to the 
nominal rolls supplied by the member firms for the 
A.B.C.M. field survey. This register should be 
continued in the future and kept up to date. From 
it may be calculated, by the methods mentioned 
earlier, the number of cases of tumour likely to 
arise by the ordinary risk of the disease. The actual 
incidence may, now or in the future, be compared 
with this and hence may indicate the existence of 
a hazard and whether the measures applied for 
control have been effective. Arrangements have 
been made for the appropriate records to be main- 
tained in the future by H.M. Senior Medical 
Inspector of Factories. 


Selection.—New entrants to jobs which involve 
risk of tumour, either in manufacture or use of 
carcinogenic substances, should be selected by the 
works medical officer, bearing in mind the following 
considerations :— 


Age.—The age of onset of bladder tumours in 
those who develop them is almost entirely depen- 
dent upon the age of entry into the industry, occur- 
ring after a latent period of usually 15 to 20 years. 
Men over the age of 30 should be chosen when 
practicable in order to reduce the likelihood of 
onset and mortality from these tumours at early 
ages. Men over 40 should be given preference. 


Personal Hygiene.—A high standard of personal 
hygiene is essential to reduce the absorption of 
chemical by the skin and mouth to the minimum. 
Generally speaking, those whose standard of hygiene 
is poor will be unlikely to cooperate in the personal 
preventive measures such as clean working, bathing, 
and changing. The dirty should obviously be rejected ; 
nail-biting increases the risk of ingestion; septic 
teeth and mouths suggest poor hygiene; the bearded 
should be excluded because of the possibility of the 
beard becoming contaminated and so increasing the 
risk of absorption by the mouth and nose; mouth 
breathers with nasal obstruction should also be 
excluded as they may tend to remove masks. 
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Intelligence.—A sufficient standard of intelligence 
is necessary to understand the hazard, to profit by 
training in methods of prevention, and to apply the 
self-discipline necessary to cooperate in the measures 
prescribed for personal hygiene and protection. 

Previous Health.—Special attention must be paid 
to any previous disease of the genito-urinary system 
and to any previous history of cancer of any type 
or of any organ. An applicant with such a history 
must be rejected because of the risk of non- 
occupational disease which would confuse the 
assessment of the hazard and the diagnosis of indus- 
trial tumour. There is no evidence that a family 
history of cancer predisposes to bladder tumour and 
we do not recommend rejection merely on this 
ground. 

Present Health—Men selected should be free 
from gross disease, especially of the genito-urinary 
system, and from cancer or any pre-cancerous 
lesions of any organ or of the skin. The urine should 
be examined for albumin and blood and pus cells, 
partly to assist in excluding genito-urinary disease 
and partly to avoid confusion in the interpretation 
of urine tests after the applicant has started work. 

Occupational History.—\t is most important to 
ascertain whether there has been any previous 
exposure to carcinogens. Men who have previously 
worked in occupations in which they have been 
exposed to other carcinogens should be excluded 
from starting work with these compounds. This 
would also entail the rejection of men with a previous 
industrial history of work in tar products, gas works, 
rubber works, coke ovens, and in other chemical 
plants carrying a carcinogenic risk. On a plant 
where the hazard is suspected but not proved it is 
undesirable to employ men who have had previous 
exposure to carcinogens. 

Apart from the above considerations, the standard 
of fitness required will be determined by the type 
of work to be done. The physique or strength of a 
man or the general state of his health is no indication 
of his resistance to bladder tumour. 


Education and Training.—The worker selected 
should have explained to him clearly and simply 
(a) what the hazard is, (6) where and how it arises, 
(c) the measures which are taken on the plant to 
prevent risk, (7) how he should use the measures 
provided for his personal protection. 

We consider that it is not possible to justify the 
concealment of such a risk from men who are being 
exposed to it. Better cooperation can be expected 
if they understand what is being done to attain safe 
working conditions and why it is being done. A 
simple explanation of the situation, including refer- 
ence to medical care, engenders confidence in the 


| 


154 


worker’s mind. Particular care should be attached 
to supervision and training during the first few 
weeks of a man’s employment on such a plant. 


Protective Measures.—In industry these com- 
pounds enter the body by two main routes—inhala- 
tion and absorption through the skin—but it should 
be borne in mind that they can also be ingested. Thus 
the aim of all preventive measures must be to reduce 
to the minimum, and where possible to eliminate, 
all contacts between operator and carcinogens. The 
first and basic method of ensuring this end must 
be by plant design and operation. The second line 
of defence is the provision of personal protection 
for the workmen but the hygiene of the plant and 
of the working environment is more important than 
any measure which depends for its efficiency on the 
cooperation or discipline of the operator or on any 
measure which is under his control (Legge, 1934). 


Working Clothing —No man should wear any of 
his own clothing while exposed to carcinogens. A 
complete set of working clothing should be supplied 
and should include underwear, footwear, socks, and 
outer-wear. They should be changed immediately 
on accidental contamination, and should be changed 
and washed at regular intervals depending on the 
plant conditions and on the degree of exposure but 
not less than once a week in any circumstances. A 
daily change will avoid the absorption of amine 
which has impregnated the clothing on the previous 
day. For laundering a slightly acid synthetic 
detergent is preferable to alkaline soap as the latter 
leads to the formation of the insoluble base which 
may dry in the clothes. The clothing should be 
tested at frequent intervals for the presence of 
amines by the methods which have been described 
by Butt and Strafford (1956). This forms a useful 
check on the efficacy of the measures taken to 
prevent absorption of the noxious substances. The 
working clothing supplied should be taken off at 
the end of each shift and must be left at the factory. 
On no account should it be taken home. Separate 
lockers should be provided for home and working 
clothes so that no cross contamination takes place. 
A clean smock or coat can be worn during meals so 
that tables and food are not contaminated from 
working clothes. 


Protective Clothing.—The protective clothing, 
which should be supplied and worn in addition to 
the working clothing described above, will vary 
according to the process and the type of plant and 
the resultant potential exposure, but will generally 
consist of overalls of closely woven cotton or wool 
(or blouse and trousers of similar material), rubber 
boots, rubber or plastic gloves with gauntlet fitting 
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or long sleeves attached, and a cap which can be 
washed. 

Gtoves.—PVC and rubber withstand the amines, 
but if new carcinogens are discovered care must be 
taken to ensure that protective materials are resistant 
to them. Gloves contaminated on the inside must 
be destroyed. The outside of gloves should be 
washed by the operative during and after work but 
the laundering of gloves for re-issue is not recom- 
mended because of the danger of accidental re-use 
and incomplete decontamination. Cotton gloves 
are inadequate and may result in longer absorption 
than brief contact with bare hands followed by 
immediate washing. This latter practice may be 
necessary where delicate manual operations are 
carried out by fitters. Impervious armlets can be 
worn with gloves in dealing with molten carcinogens 
or solutions. 

Aprons.—Light impervious aprons for handling 
molten carcinogens or solutions should extend up 
to the neck and below the tops of the rubber boots. 


FooTweEaR.—Rubber safety boots are preferable 
to clogs as they are more impervious and they can 
be worn to knee length if liquids are being handled. 
Turning down the tops of boots is wrong, particu- 
larly when aprons are worn, as liquid is apt to run 
inside the boots. 

Masks.—Should vapour or dust give rise to heavy 
atmospheric contamination, hoods with clean 
compressed air supplies should be used. Dust 
respirators are not always dependable because of 
the unreliability of individual fit and the risk of skin 
absorption from the face and neck. Cotton wool 
pads are not adequate protection against these dusts 
or vapours. 

Baths.—Suitable changing and bathing facilities 
with adequate hot water, soap, and towels must be 
available at the factory. Shower baths are the most 
satisfactory and are usually preferred, but some 
workers, especially the older ones, prefer a slipper 
bath. The main objection to the slipper bath is 
that in cases of contamination some amine may 
remain on the skin from the bath water; there may 
also be some danger of inhaling amine volatilized 
by the hot water while lying in the bath. 

(1) A bath or shower must be taken at the end 
of each shift so that small quantities of amine which 
may be present on the skin will be removed. This 
must be obligatory and the bathing time should be 
paid for. Twenty minutes is regarded as adequate 
time. 

(2) These compounds can be absorbed directly 
through the skin in any physical form as salt or 
base, molten liquid or solution, or at any tem- 
perature, so that if there is accidental contamination 
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or if contamination occurs during plant main- 
tenance or cleaning, it is essential that the workman 
is bathed immediately and his clothing completely 
changed. If contamination is very heavy and a 
slipper bath is used, a second bath is advisable as 
the water in the first becomes heavily charged with 
amine. A scrubbing brush will help to remove 
chemical from rough skin or fissures and care 
should be taken to ensure that the nails are cleaned. 
The hair should also be washed and it should be 
remembered that spectacles, if worn, may be 
contaminated. 


Hours of Work.—Process operation should be so 
adjusted as to limit the time of exposure to a 
minimum. (a) No overtime should be worked 
except in an emergency and an emergency should be 
regarded as being an occasional isolated incident 
and not a continuous period. (4) If men work with 
these amines for part of a day or shift they should 
bath and change before going on to other work to 
complete their shift. 


Limitation of Numbers Exposed.—The total 
number of men exposed regularly to these carcino- 
gens should be limited as far as conditions allow. 

(a) Only men who have been selected by the 
medical officer should be allowed to work on 
processing or handling operations. 

(6) Temporary or casual process workers and 
handlers should be kept to a minimum and avoided 
if possible. 

(c) Cross transfers from one hazardous plant to 
another should not normally be allowed so that 
confusion as to the relative risks of each plant or 
process may be avoided. But, in small factories, 
it may be better to employ one man, or a small 
number of men, to operate all the plants where there 
is a risk rather than to increase the numbers exposed. 

(d) Similarly, the handling of these substances in 
any plant should be confined if possible to one man 
or, if the scale of work is too large for this, to a 
limited number of men who would handle, weigh, 
and charge all the dangerous material where 
mechanical methods cannot be installed. 

(e) Selected deputies should be appointed to cover 
the absence of regular men. No other men should 
be allowed to do the job. 

All men engaged on these processes should be 
employed on a voluntary basis and no industrial 
sanctions should be applied to persuade men to 
undertake this work or to remain on it. 

In plants where radical improvements have been 
carried out or in new plant which has been built 
with due regard to safe working, we recommend 
that men of suitable age who have not previously 
been exposed to carcinogens should be employed 
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whenever possible, although it may be necessary to 
employ certain key men who have previous ex- 
perience and possibly previous exposure. 

Cases of tumour developing after a few months of 
heavy exposure to benzidine and beta-naphthyla- 
mine have been reported. Safe working should be 
achieved by appropriate plant design and methods 
of working and no reliance should be placed on the 
practice of employing men for short periods, as 
advocated by earlier writers, as this would only 
increase the numbers of men at risk. 


PART If 

Plant and Operating Precautions 
This section will deal with the industrial and 
technical measures recommended in the manufacture 
and use of alpha-naphthylamine, beta-naphthyla- 
mine, benzidine and its homologues, and a number 
of other processes. Before discussing the details 
peculiar to each process it is proposed to lay down 
the basic principles which must lie behind all efforts 
to eradicate this hazard completely from the 

industry. 


Buildings.—In the design of new plants the ceiling 
should be sufficiently high to allow adequate ventila- 
tion. Where possible, pressure vessels containing 
molten carcinogen should be isolated in the open air. 
The walls should be made of a material which cannot 
become impregnated with chemicals. The floors 
should have an adequate slope to drain and be 
constructed of a material which will withstand both 
physical and chemical damage. If wear and tear 
occurs so that pools form, these must be filled in 
since they can form a constant source of atmospheric 
contamination as well as a cause of splashes. Where 
a high level of exposure is liable to occur no wood 
should be used in the construction of stairs, platform 
floors, or hand-rails, all of which should be made 
of metal. Floor grids must be easily removable and 
drains should have a sufficient gradient to ensure 
quick flow. Although it may be difficult to alter old 
sheds, these recommendations represent the standard 
to be aimed at. 


Ventilation.—Forced ventilation will be desirable 
for all buildings where carcinogens are regularly 
handled in a manner where there is any possibility, 
however remote, that the general atmosphere may 
become contaminated with vapour or dust. In order 
to achieve adequate air changes in the lower floors 
of some buildings, it may be necessary to provide 
air suction trunks from the roof to each floor in 
order to achieve the desired effect. It must be made 
clear that the need for forced ventilation of the 
general working space is much more necessary 
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where volatile hot carcinogens are being handled 
than where the hazard is in the form of dust. Like- 
wise, forced ventilation is least necessary where there 
is no hot process and the final product is handled 
as a paste. All general airflow should be arranged 
so that the air current moves away from the 
man. 

No plant item containing hot molten carcinogen 
should be vented within the working space and if a 
number of such vent pipes are necessary a common 
scrubber system should be provided so that con- 
taminated air does not enter other sheds nearby or 
re-enter the shed from which the contamination 
originated. If no such scrubber system is installed 
the vent pipes must be carried well above any point 
where air is entering the working space, such as 
windows or ventilators. 


Plant.—The object in all plant design must be to 
contain the carcinogens within an enclosed system 
wherever possible whether they are present as dust, 
vapour, or liquid. Every plant item should be 
considered with regard to its enclosure and ventila- 
tion outside the working space. Lagging liable to be 
contaminated should be encased in an impervious 
material, so that spillages can be effectively removed. 
Hot contaminated lagging is a danger and care 
should be taken during its repair. Catwalks should 
be provided where necessary to avoid damage to 
lagging. All operations involving manual handling 
of carcinogens whether in concentrated form or 
when they are present only as an impurity should 
be studied with a view to the establishment of 
automatic enclosed types of plant. All such plant 
should be designed so that decontamination can be 
carried out before it is handled by fitters. Sharp 
angles of pipes should be avoided to minimize the 
chance of blockages, and in pipe design special 
attention should be paid to ease of replacement. 

When these improvements have been carried out 
there remains the risk of these carcinogens being in 
contact with the workroom atmosphere during final 
packaging in manufacture, or in charging if these 
intermediates are being used. Bulk handling of 
material in enclosed pipelines as molten liquid, 
slurry, or solution will often close this last loophole. 
If manual handling is inevitable in charging or 
isolating the material, adequate draughting and full 
protective clothing must be relied upon. It is 
realized that bulk handling will only be possible 
where considerable quantities of carcinogens are 
being handled. Evidence available suggests that by 
far the greatest risk exists on plants which handle 
carcinogens consistently every day. Where dust is 
likely to occur floors should be kept wet to prevent 
it from rising into the atmosphere. A pipe with 


multiple holes can be fitted so that the floor can be 
kept constantly wet. 


Sampling of Product.—Where sampling of hot 
carcinogens within an enclosed system is necessary 
for process control, a device can be installed to 
carry out a melting point determination without 
opening up the plant. Where samples have to be 
withdrawn this should be done in a small vented 
cabinet. The use of dip pans for sampling is un- 
satisfactory because hot amine is given off to the 
atmosphere during withdrawal and transport. The 
use of dip sticks to determine the depth of liquid in 
vessels containing carcinogens is dangerous and 
automatic depth recorders should be installed. 


Batch Weighing.— Tumours have occurred amongst 
weighmen. Adequate draughting should be pro- 
vided where any batch weights of intermediates are 
made up and suitable protective clothing should be 
worn by the operator. 


Isolation of Solids.—Filter presses and open 
nutsches are unsatisfactory for the isolation of 
carcinogens or of materials where the carcinogens 
are present as impurities, unless a completely im- 
pervious one-piece suit with compressed air supply 
is worn by the operator. When the operation is 
completed the clothing must be scrupulously 
decontaminated before the man emerges from the 
suit. Rotary filters, pressure filters, vacuum 
nutsches, and automatically discharging whizzers, 
all totally enclosed, are more suitable. The emptying 
of closed nutsches by shovel easily leads to con- 
tamination of skin and clothes and re-slurrying is 
the only satisfactory method of discharge. Attention 
should be paid to the possibility of pastes drying out 
and giving rise to dust hazards. Flakers should be 
totally enclosed and their discharge points draughted. 


Disposal of Still Residues.—Tar or pitch must not 
be allowed to set hard on the inside of stills. On no 
account must a man enter a still to chip out such 
pitch unless he is protected by a completely im- 
pervious suit with a fresh-air feed hood. This latter 
practice should only be an emergency measure. This 
risk can be eliminated entirely if molten still residues 
are fed directly to a furnace which must destroy the 
carcinogen and not distil it to the outside atmosphere. 


Drying.—The hazard to workmen on driers in the 
dyestuffs industry is real and may arise in the 
drying either of concentrated carcinogens or of 
products derived from them which contain un- 
reacted carcinogenic amines. It is recommended 
that where complete dryness is not essential, tray 
drying should be avoided and the materials should 
be isolated as pastes from enclosed filters or from 
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enclosed high-speed automatically discharging 
whizzers. Where possible no unreacted carcinogenic 
amine should remain in the products derived from 
carcinogenic intermediates and routine analyses 
may be necessary to check this. 

Where these measures are technically impossible 
and heat drying has to be used, the most dangerous 
and undesirable of the methods of drying is that in 
which a man has to enter the drying space where he 
may breathe or be in contact with any vapourized 
amine which is in the atmosphere. Hence tunnel 
stoves are quite unsuitable. Stoves with forced air 
flow must not be vented into the working space. 
Dust and sublimed material tend to blow from ill- 
fitting doors and to collect in the flues, so that this 
method of drying is not without hazard, apart from 
the detraying of a dusty product. Vacuum stoves 
are liable to produce high atmospheric contamina- 
tion when the doors are first opened. All forms of 
tray drying carry a heavy risk because of the dusting 
of the material on discharge from the trays. If tray 
drying of small amounts of material containing 
carcinogens is inevitable, special exhaust ventilation 
should be provided and protective clothing with a 
fresh-air hood should be worn. Drum driers which 
are totally enclosed produce a large amount of dust 
which may contaminate the operator because of the 
need for frequent blade adjustment and overhaul 
but an enclosed draughted “ venuleth”’ drier may be 
used. 

Enclosed self-discharging driers with the discharge 
point adequately draughted are the best type avail- 
able at the moment. It must be remembered that if 
any unreacted bases are present, some will be 
volatilized during drying and will be deposited in 
the ventilation system. 


Grinding.—If possible grinding of carcinogens or 
materials containing carcinogens should be avoided 
altogether since even the best enclosed draughted 
mill produces some dust. If it is possible to whizz 
the material down to a sufficiently low water content 
for subsequent use, this should be the method of 
isolation preferred. Checks should be made to 
ensure that aerosols are not produced by the 
whizzer and that maintenance is efficient. 


Maintenance.—However effective plant design 
and operation can be made, it is eventually necessary 
to open up plant for inspection or repair. Unless 
stringent precautions are taken there is a high 
potential risk to maintenance and engineering 
personnel. All plant items should, therefore, be 
cleared of carcinogen where possible before being 
dismantled for maintenance. This may be achieved 
either by steaming out an enclosed system ensuring 
that steam laden with amine is not sent to atmo- 
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sphere, or by washing with cold water followed by 
chemical inactivation of any carcinogen remaining. 
Where the carcinogen is an amine, inactivation may 
be carried out with hypochlorite or formaldehyde 
or by diazotization and destruction of the amine. 
In the event of maintenance of a contaminated plant 
item being inevitable, as in the setting of flaker 
blades, complete impervious protective clothing is 
necessary together with the use of a fresh-air feed 
hood. Changes of clothing and washing facilities 
are as necessary for fitters on these processes as for 
processmen. Where contamination is likely to 
occur, protective clothing and plant decontamina- 
tion must likewise be provided for other tradesmen, 
such as electricians, instrument fitters, and con- 
struction engineers. 


Transport and Packaging.—Where dry flaked 
carcinogens are being packaged, drums with tight- 
fitting lids are advocated as the best method of 
transport. Damaged drums which do not fit 
standard draughted devices should not be used as 
dust may escape due to the setting up of uneven air 
currents. 

Wooden casks must be avoided if possible. Where 
acid pastes are being handled, however, casks may 
have to be used but specially lined drums are 
preferred. Individual casks should have the lids 
fitted immediately after filling so that the paste 
does not have time to form a dust on the surface. 
The use of a handle in the centre of the lid may help 
to avoid contamination of the lid with the contents 
of the cask during heading up. If a cask used in the 
transfer of carcinogenic materials becomes unusable, 
it should be burned rather than sent for repair since 
it is impossible to remove dust from the cracks 
in a broken cask. Casks which have contained a 
carcinogen must be washed with cold water since 
tumours have occurred amongst cask washers who 
inhaled steam vaporized carcinogens from hot 
washing. Remote control hot water washing can be 
used if cold water fails to clean the vessel but care 
should be taken to ensure that the steam is ade- 
quately removed and does not drift towards the 
operator. 

In the event of transfer of hot or molten material, 
special drums with indwelling dip legs can be used. 
In the «vent of such a drum containing a solid 
this will have to be melted in a draughted compart- 
ment before emptying. Drums requiring welding 
should be specially cleaned before repair so as to 
avoid vaporization of carcinogen during this work. 

Where bulk handling is used special devices will 
be necessary to catch drips and ensure clean 
coupling of charging and discharging pipes. Local 
draughting will ensure that vapour does not arise 
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from the open ends of pipes after use. Bulk transport 
lorries should be supplied with warnings and full 
instructions for safe handling of materia! spilt after 
accidents, together with the necessary protective 
clothing. If such solid material sets on the road, 
its cold chipping with full protective clothing will 
be necessary after the police have been informed. 


DETAILED CONSIDERATION OF 
MANUFACTURE AND USE 

Having discussed the basic principles to be 
adopted in considering the elimination of this 
hazard from the dyestuffs industry, it is now pro- 
posed to devote a section to each relevant process. 
These sections may repeat some of the general 
principles but it is intended to point out to the 
manufacturer the main and also the subtle dangers 
associated with the operation of each process. 
Explanations based on experience of factory con- 
ditions are included where necessary as well as any 
relevant results of animal experiments. 


Beta-naphthylamine 

The manufacture of beta-naphthylamine has 
proved to be by far the most hazardous occupation 
in the dyestuffs industry. It was felt that no plant 
could be economically devised which could be 
operated with any degree of certainty that tumours 
would not occur. The cessation of its manufacture 
and use in 1952 in Great Britain is considered to be 
one of the most important measures in the prevention 
of industrial bladder tumours. 

Its main use was in colour manufacture for which 
beta-naphthylamine was sulphonated. The sul- 
phonated compounds, which are not considered to 
be carcinogenic, can be made effectively by the 
amination of the appropriate sulphonated beta- 
naphthols. 

The use of beta-naphthylamine to make rubber 
chemicals and colours has also been abandoned in 
Great Britain. In the case of the rubber chemicals 
and smali colour manufacturers, alternative products 
with similar or improved technical effects have been 
developed using non-carcinogenic intermediates. 


Tobias Acid (2 Naphthylamine-1-Sulphonic Acid) 

Since crude and technical Tobias acid contain a 
trace of beta-naphthylamine as an impurity, this 
compound must be treated with certain precautions. 
This impurity can be reduced to a minimum by 
appropriate control of process conditions. The 
beta-naphthylamine is present as the sulphate so 
that no free amine is volatilized during drying. 
However, the final dry powder may constitute a 
potential hazard, both in manufacture and use. 
Efficient draughting should be provided at the 
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packaging point and a type of enclosed drier is 
recommended as opposed to any form of tray 
drying. The product is very apt to “ fly” and it is 
doubtful if tray drying can be achieved with com- 
plete safety. 

Full protective clothing for the workman with 
dust masks or fresh-air hoods should be adequate 
for charging this powder for use in subsequent 
processes, but pneumatic handling is preferable if 
large amounts are regularly used. Anti-dusting 
treatment of the powder should 1iot be relied upon. 

No tumours have been attributed to Tobias acid 
manufacture in any country to date, but in view of 
the vast increase in manufacture accompanying the 
cessation of beta-naphthylamine manufacture, ex- 
posure to it will certainly be increased greatly and 
the recommended precautions must be taken. 

Benzidine 

The findings of Case et al. (1954) removed any 
doubt previously held as to the hazard associated 
with the manufacture of this chemical. No alterna- 
tive has been found, however, to the use of benzi- 
dine in colour manufacture as has been the case 
with beta-naphthylamine. The hazard is believed 
to exist after the conversion of hydrazobenzene 
to benzidine. In some factories, where the 
reduction of nitrobenzene to hydrazobenzene and 
the subsequent conversion to benzidine have been 
entirely separated, no tumours have been recorded 
amongst men carrying out the reduction process, 
whilst many tumours have occurred amongst those 
working on the conversion and isolation of benzi- 
dine itself. However, in many cases reduction and 
conversion are carried on in the same building and, 
therefore, full-scale precautions are recommended 
for both. Whether the reduction is effected by zinc 
dust, sodium amalgam, or electrolytic means, 
enclosure of all plant items should be aimed at. 
If it is necessary to isolate the hydrazo compound, 
enclosed types of filter should be used. The con- 
version vessel should be totally enclosed and dip pot 
sampling should be avoided. The material should 
be handled in an enclosed system as a slurry before 
isolation in an enclosed filter. The distillation of 
benzidine base and the isolation of the product in 
solid form as base is liable to result in contamination 
of the atmosphere with vapour which can be entirely 
avoided by final isolation as a salt. The final 
product must be packed with all necessary pre- 
cautions against dust and skin contact. The salts of 
benzidine can be absorbed easily through the skin 
and no refuge must be sought in the suggestion that 
the salts are less dangerous. Tumours have occurred 
amongst men handling all the salts and the base in 
various factories in the world. Isolation of benzidine 
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as salt, however, avoids almost completely the 
possibility of vapour contamination but a potential 
dust and skin hazard still exists. 

The isolation of this compound from an open 
nutsche filter press or any open filter device is 
dangerous. In the event of the product being 
manufactured as base, the grinding of the final 
product as opposed to flaking is strongly deprecated. 
The best conditions are most likely to be attained 
with the isolation of the final product as a salt paste 
but the whizzing of base in an enclosed centrifuge 
can be performed safely. Special attention must be 
paid to the provision of protective clothing to the 
workman lidding drums in this manufacture. If 
attempts to isolate a very dry paste are made, a dust 
hazard immediately arises and a user hazard is also 
created as the packages are difficult to empty safely. 


Benzidine Azo Colours 

Tumours have occurred amongst a number of 
men manufacturing azo colours from benzidine. 
It is interesting and important to note that these 
benzidine azo colours are the only ones using 
carcinogenic intermediates made continuously 
throughout the year. The incidence of tumours 
amongst azo process men is largely confined to the 
manufacture of these large-scale benzidine colours. 
This would result in these particular workmen 
getting a considerably higher total dose of carcinogen 
than those employed for short and occasional periods 
on other work using carcinogens as intermediates. 

If benzidine itself is manufactured in a user 
factory, then there is no doubt that bulk handling 
of an amine slurry or tetrazo solution is to be 
preferred to filling and emptying containers. In 
emptying a package with a shovel in azo manufacture 
there is no doubt that the clothing will become con- 
taminated. In the case of smaller manufactures 
where handling drums or casks is inevitable an 
automatic device can be installed which will wash 
out the benzidine from the container by high 
pressure cold water. This can be operated quite 
safely and the water is used to make the solution 
for the subsequent tetrazo reaction. It may prove 
most effective to charge all the benzidine used in 
an azo shed to one well-protected point using such 
a device. Subsequently, slurry or tetrazo solution 
can be pumped to different units as is advocated 
in the case of factories where benzidine is manu- 
factured within the same works. Great care will be 
necessary in obtaining samples from such a central 
source for assessment of the strength of the slurry. 
An automatic enclosed device should be installed 
for obtaining such samples without using a dip tin 
which would drip on the surrounding floor and 
perhaps splash the man taking the sample. It is not 
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recommended that batch weights of benzidine should 
be made up but if this has to be done, full-scale 
impervious clothing must be worn together with a 
fresh-air hood. 

Tests for residual benzidine in the final product 
should be made to avoid atmospheric contamination 
during its drying or grinding. 


0-Tolidine, Dianisidine, and Dichlorbenzidine 

Although animal experiments on the rat suggest 
that the homologues and derivatives of benzidine 
are considerably less carcinogenic than the parent 
amine, it is felt that in industrial practice the homo- 
logues should be treated in a similar fashion to 
benzidine itself if large amounts are handled. 
Whereas there are records of men developing tumours 
who have been exposed to benzidine without its 
homologues, no population is known which has 
been exposed to the homologues of benzidine with- 
out the parent amine also being manufactured in 
the same plant. 

Thus, in the manufacture of azo colours from 
o-tolidine, dianisidine, dichlorbenzidine, or benzi- 
dine disulphonic acid, an emptying device employing 
high-pressure water jets should be used for charging 
these intermediates to the azo vats. Benzidine 
disulphonic acid is not believed to be a carcinogen. 

The final colour should be analyzed to ensure 
that no free amine is volatilized during drying. 


Alpha-naphthylamine 

The manufacture of alpha-naphthylamine has 
been associated with an incidence of tumours 
of the bladder amongst workers employed on 
it under poor conditions where very heavy ex- 
posure was encountered. Even under these con- 
ditions, exposure of five years or more was necessary 
for a tumour to develop. Statistical evidence 
suggests that it is of considerably lower potency 
than benzidine or beta-naphthylamine as a car- 
cinogen in man. The commercial product usually 
contains about 4°% beta-isomer but this level may 
be higher in some cases. Hazards exist during 
reduction of alphanitro-naphthalene and distillation 
and isolation of the final product. Completely 
enclosed plant should be used for the reduction with 
special attention paid to the gland of the agitator 
shaft. Any residue should be transferred through 
an enclosed system to a vessel where the amine 
can be completely destroyed. Special devices should 
be used for obtaining samples in order to ascertain 
the state of the reduction and the use of a dip pot 
for obtaining such samples is strongly deprecated. 
Where large quantities of material are to be handled 
by the user the final product should be transferred 
molten in tankers but some flaking will be necessary 
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for the smaller user. The flaker should be totally 
enclosed and draughted. Attention to the flaking 
conditions can increase the size of flake and reduce 
the amount of fine dust in the final product. 


Alpha-naphthylamine Sulphate 

This manufacture carries with it not only the risk 
in the charging of the initial amine, but also the 
risk of handling the final product. Thus, the 
charging point should be adequately ventilated to 
avoid contamination of the general atmosphere with 
dust or the material can be handled molten in an 
enclosed system to avoid this hazard completely. 
The hazard in the filtration and drying of this 
product is one of skin contact and inspiration of 
dust. During the drying, vapour will not be given 
off but dust will collect in the vents from the drying 
space. A continuous enclosed drier is recommended 
and the use of any form of tray drying is strongly 
deprecated. 


Alpha-naphthol 

Although this chemical is made from alpha- 
naphthylamine it is not believed to be carcinogenic. 
Bulk use of molten alpha-naphthylamine in a 
totally enclosed system to avoid atmospheric 
contamination is recommended. Analytical estima- 
tions of alpha-naphthylamine in the final product 
should be maintained to ensure its safety. 


Naphthionic Acid 

There is no evidence to suggest that naphthionic 
acid itself is carcinogenic but its manufacture 
involves the handling of alpha-naphthylamine. 
The amine charging point is the first hazard. In 
the event of a bulk supply of molten alpha- 
naphthylamine being available, heated enclosed 
measure vessels and weigh-scales can be used so 
that no problem of charging solid alpha-naphthyla- 
mine arises. If alpha-naphthylamine flake or 
alpha-naphthylamine sulphate is used efficient 
draughting and full protective clothing will be 
necessary. Alpha-naphthylamine flake packs in the 
drum on standing so that no automatic emptying 
device is suitable, and for the same reason it is not 
suitable for pneumatic handling. 

The sulphonation is never quite complete so that 
the naphthionic acid dust is contaminated with 
amine. Further, the sulphonation is preferential to 
the alpha-isomer so that the unsulphonated amine 
will contain more of the beta-isomer than the original 
amine charged to the sulphonator. This high pro- 
portion of beta-isomer constitutes a very real 
hazard. During the washing of the acid these 
amines are present in the liquors together with tar. 
This tar, contaminated with beta-naphthylamine, 
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should not be removed in an open vessel or filter 
press. An enclosed filter with automatic discharge 
is the most suitable means of purifying naphthionic 
acid liquors. The recovered amine must be collected 
in a drum or vessel and either destroyed chemically 
or disposed of at sea. It is unsafe to use regular 
amounts of this recovered amine for any other 
process in the industry. 

If a solvent bake process is used, a major problem 
of distillation of the solvent for use again arises. 
The recovered amines have to be removed from the 
still as well as tar. Leakages will contaminate the 
atmosphere with beta-naphthylamine. A direct run 
of tar and amines from the still to a muffle furnace 
for destruction appears to be the most satisfactory 
method of disposal of these waste products. Full 
protective clothing is adequate for the subsequent 
use of naphthionic acid in the dyestuffs industry. 


Sodium Naphthionate 

This chemical is not thought to be carcinogenic 
but precautions must be taken to enclose all plant 
items which contain even a small trace of un- 
sulphonated amine, particularly when they are hot. 
Equally, all residues from the plant should be 
handled molten in an enclosed system before dis- 
posal or destruction. 


Phenyl-alpha-naphthylamine 

This secondary amine can be made from alpha- 
naphthylamine but this involves charging a car- 
cinogen to the phenylation vessel. Furthermore, the 
condensation with aniline is not complete and free 
carcinogen in the final product constitutes a hazard 
in isolation and its subsequent use. All these 
hazards can be easily eliminated by making phenyl- 
alpha-naphthylamine from alpha-naphthol. Atten- 
tion should be paid to the purity of the alpha- 
naphthol used, as this is made from alpha-naphthyl- 
amine and can contain this carcinogen as an 
impurity. Phenyl-alpha-naphthylamine is not 
believed to be carcinogenic. 


Ethyl-alpha-naphthylamine 

This secondary amine can also be made from 
alpha-naphthylamine, but again this involves charg- 
ing a carcinogen and also the removal of unreacted 
starting material. Complete safety can be ensured 
by making it from alpha-naphthol and mono- 
ethylamine. Ethyl-alpha-naphthylamine is not 
believed to be carcinogenic. 


Rubber Chemical Manufacture from 
Alpha-naphthylamine 
Condensates of alpha-naphthylamine and alde- 
hydes have been made as rubber chemicals. The 
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condensation is never quite complete and their 
manufacture has been discontinued in Great Britain 
because of the hazard in manufacture and isolation 
and the potential hazard of their use in the rubber 
industry due to the presence of uncondensed 
carcinogen (Case and Hosker, 1954). Only by the 
use of a solvent process is it possible to reduce the 
unreacted amine to negligible quantities, but this 
involves the hazard of redistilling the solvent and 
removing the carcinogen therefrom. 


Alpha-naphthylamine Condensation Colours 
These condensations do not go to completion so 
that special measures must be taken to remove 
unreacted carcinogens from the final product. 
Otherwise these impurities may constitute a hazard 
in isolation, drying, and grinding of the final colour. 


Pheny!-beta-naphthylamine 
It is appropriate here to mention phenyl-beta- 
naphthylamine because it is sometimes suspected 
owing to its name. It is not made from beta- 
naphthylamine and is not considered to be car- 
cinogenic. No tumours have been reported amongst 
the men engaged in its large-scale manufacture in 

a number of countries for many years. 


Alpha-naphthylamine Azo Colours 

Where large amounts of alpha-naphthylamine are 
being used for azo manufacture the bulk handling of 
molten amine is recommended. With the use of 
enclosed heated measure vessels, contact with the 
material is entirely avoided. Where small amounts 
are handled, efficient exhaust ventilation must be 
provided at the point where batch weighings are 
carried out and adequate ventilation provided at the 
charging point to the azo vat. Some azo reactions 
are not complete and analytical tests should be 
carried out to ensure that no free amine is left in the 
final product. Tumours have occurred amongst a 
number of persons carrying out colour drying and 
this is attributed to the vaporization of uncoupled 
amine during drying. Such a hazard will be passed 
on to the grinding and standardizing of these colours 
if unreacted amine is not controlled. 


Auramine Manufacture 

Although Miiller (1933) attributed two cases of 
bladder tumour to auramine, it was not recognized 
that an occupational hazard was associated with the 
manufacture of this substance until the statistical 
investigations of Case and Pearson (1954) were 
published. As yet it is impossible to indict any 
particular part of the process but it is recommended 
that a review should be made of the handling of all 
intermediates and the final product in this process; 
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a generally higher standard of housekeeping and 
working practice should be instituted. The object 
should be to cut down contact with all chemicals in 
the process to a minimum until more specific data 
on the exact cause of these tumours are available. 
The possibility must not be overlooked that these 
tumours may have been due to other chemicals 
handled in the auramine sheds in the factories where 
tumours have occurred. Further examination of this 
possibility would seem to be necessary before carry- 
ing out any drastic alterations. ‘ 


Magenta Manufacture 

The finding by Case and Pearson (1954) that a 
hazard has existed in Great Britain in magenta 
manufacture falls into line with the German ex- 
perience in the early days of the chemical industry 
in that country. 

In considering the appropriate protective measures 
to be taken it must be remembered that no tumours 
have been attributed to magenta in Germany 
amongst men starting work later than 1910. A 
general improvement of working conditions, together 
with a high standard of chemical handling, have 
apparently completely eliminated the hazard of this 
process in German factories without the installation 
of special totally enclosed plant such as is recom- 
mended for the manufacture of benzidine and alpha- 
naphthylamine. It is not possible to say at this 
moment whether the cause of the tumours in England 
is due to intermediates, to impurities in the magenta 
process, or to the final product itself. It would 
appear that a general review of working conditions 
in the manufacture of magenta, with special care to 
avoid atmospheric contamination and skin contact 
with chemicals employed in the processes, should 
result in the complete elimination of this hazard. 
In view of German experience it is not suggested 
that the building of special totally enclosed plant is 
necessary. A high standard of handling of chemicals 
should be sufficient to produce a result similar to 
that prevailing in Germany to-day. 


Xenylamine (4-Aminodipheny]) 
4-Aminodipheny] (referred to as xenylamine in the 
U.S.A.) has never been manufactured in Great 
Britain because experiments in rats and dogs demon- 
strated its carcinogenicity before its proposed manu- 
facture (Walpole, Williams, and Roberts, 1952, 
1954). Subsequently, Melick Escue, Naryka, Mezera, 
and Wheeler (1955) confirmed the existence of an 
industrial hazard in a report of tumours in men 
engaged in its manufacture in the U.S.A. Its manu- 
facture has been discontinued there and it is recom- 
mended that manufacture should not be started in 
Great Britain. There is also the possibility that a 
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hazard may also have been associated with the 
manufacture of 4-nitrodiphenyl due to the reduction 
in the body of the nitro compound to the correspond- 
ing amine. 


ASSESSMENT OF RESULTS ACHIEVED BY 
IMPROVEMENTS 

It is most important to ensure that the improve- 
ments in plant and working which have been intro- 
duced are effective. It must be borne in mind that 
the chemical industry is always changing and some 
so-called improvements may open up new sources 
of contamination. 

Butt and Strafford (loc. cit.) have established 
methods of analysis of air, clothing, and liquors for 
the presence of benzidine and beta-naphthylamine. 
By their method routine sampling of atmosphere can 
be achieved at specific points by the use of 24-hour 
bubblers and spot samples can also be taken where 
an unusual practice carrying a risk of atmospheric 
contamination is being carried out. Similarly, 
atmospheric sampling is recommended for any other 
compounds which are thought to be suspect in any 
of the processes considered in this repot. Analysis 
of clothing for contamination with carcinogens can 
also be used as an additional check on safe working 
as well as a means of ensuring the efficacy of 
laundering. The maximum concentration of car- 
cinogen allowable in the air or on clothing which 
can be regarded as completely safe is not known and 
these tests are recommended as a means of assessing 
the efficiency of preventive measures or of giving 
warning of a process defect which is not otherwise 
obvious. 

An additional check is afforded by the examination 
of the urine of workers for the presence of excess 
amines. Methods have been described by Kuchen- 
becker (1920) and by Glassman and Meigs (1951). 
High amine content in urine may indicate absorption 
due to unsatisfactory operating technique, accidental 
contamination, or dirty working. 


CONCLUSIONS 

The above recommendations have been made in 
the belief that if they are implemented the incidence 
of bladder tumours in workers in these processes 
will be reduced to a level no greater than that which 
prevails in the general population. Although this 
report incorporates the precautions which are 
thought to be necessary in the light of present-day 
knowledge, it must be realized that, as our know- 
ledge of this hazard increases, further amendments 
and additions may become necessary as, for instance, 
when new chemicals or processes come into use 
or when other sources of hazard hitherto undetected 
become apparent. 
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It is hoped that the recommendations contained in 
this report will be carried out by the industry as 
soon as is practicable, but it must be remembered 
that the benefits to be reaped will not necessarily 
be visible for many years to come. 


SUMMARY 

Safe methods of working practice recommended 
to the Association of British Chemical Manufacturers 
for the manufacture and use of chemical compounds 
likely to induce tumours of the bladder are described. 
The present position of knowledge of industrial 
bladder tumours in Great Britain is given and the 
data from which the recommendations have been 
derived are detailed. 

Medical supervision is essential to ensure proper 
control of the hazard. Desiderata for selection and 
education of the workers and for their personal 
protection are laid down. The need for maintaining 
accurate medical and industrial records is stressed. 
Limitation of exposure and of the number of men 
at risk should lessen the possible incidence. The 
early diagnosis, treatment, and follow-up of estab- 
lished cases of tumour are imperative. 

Design and ventilation of buildings and plant 
are of primary importance. Completely enclosed 
plant with the carcinogens totally contained in the 
system is the ideal. The isolation, sampling, weigh- 
ing, distilling, drying, grinding, or packaging of 
products and the disposal of residues can all be 
dangerous and measures to prevent contamination 
of the operators are recommended. Maintenance 
and cleaning of buildings, plant, and plant items 
can lead to serious exposure and men engaged in 
these operations must also be protected. 

Detailed consideration of the manufacture and 
use of each relevant compound is presented. The 
dangers associated with each are pointed out and 
specific precautionary measures are given in detail 
in each case. 

Beta -naphthylamine and 4 - aminodiphenyl 
(xenylamine) should not be manufactured as no safe 
economical method can be devised. Safer alterna- 
tives which have been developed should be applied. 

Benzidine should be manufactured in a closed 
system. The base and the salts are all dangerous and 
bulk handling as a slurry or as tetrazo solution is 
preferred in user factories. 

The homologues and derivatives of benzidine are 
considered to be less carcinogenic than the parent 
amine but if large amounts are involved, they should 
be treated with equal care. 

Alpha-naphthylamine should be manufactured in 
a closed system and bulk handling of molten amine 
in enclosed containers or tankers is the safest method 
for the large user. 
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The possible hazards associated with the manu- 
facture of certain other compounds, not themselves 
believed to be carcinogenic, such as alpha-naphthol, 
naphthionic acid, sodium naphthionate, several 
secondary amines, and some condensation colours 
from the naphthylamines are considered. Aniline 
and phenyl-beta-naphthylamine are not accepted as 
causes of bladder tumours. 

The hazard associated with auramine and 
magenta is examined. 

Estimations of amine in atmosphere, on the 
clothing, and in the urine of workers can be used 
to assess the degree of contamination and absorp- 
tion and the efficiency of preventive measures. 

Other dangers not yet recognized may come to 
light and new compounds or processes may create 
new sources of risk in the future. 


We are deeply indebted to all our technical and medical 
colleagues, too numerous to mention individually, 
whose advice, criticism, and help have contributed so 
greatly to the preparation of this paper. 
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A ROUTINE METHOD FOR THE PREPARATION 
OF THE CELLS OF URINE 


BY 


PHILIP ROFE 


From the Industrial Hygiene Research Laboratories, Imperial Chemical Industries, Limited, The Frythe, Welwyn, Herts. 


(RECEIVED FOR PUBLICATION FEBRUARY 26, 1957) 


The value of urinary cytology in the screening 
of a large industrial population at risk to bladder 
carcinogens has been amply demonstrated by 
Crabbe, Cresdee, Scott, and Williams (1956). The 
standard method of Papanicolaou and Marshall 
(1945) by which the exfoliated cells are prepared for 
examination consists simply of smearing the deposit 
of fixed centrifuged urine on to albuminized slides 
and staining. Unfortunately, this technique limits 
the diagnostic value of exfoliative cytology because 
only a small and possibly unrepresentative propor- 
tion of the cells in a given urine sample are prepared 
for examination, and these are so widely dispersed 
in the smear that the labour of finding them further 
reduces the numbers actually seen. Determinations 
of the rates of exfoliation of transitional and 
squamous epithelial cells from the urinary tract 
in 12 normal males (Rofe, 1955) showed characteris- 
tic rates for individuals, the lowest of which was 
6:2 thousands/hour and the highest 148 thousands/ 
hour. An hour’s urine sample, say 60 ml., might 
thus be expected to contain at least 6,000 cells, yet 
smears of urine sediment, which usually cover the 
whole area of a slide, are sometimes found to contain 
no cells or too few cells on which to report (Chute 
and Williams, 1948; Vincent Memorial Hospital, 
1950; Deden, 1954). Presti and Weyrauch (1955) 
found as many as 22% of samples (100 mi.) pro- 
duced smears containing less than six cells, but were 
prepared to interpret smears containing more than 
this number of cells: this might well account for the 
unsatisfactory results referred to by them. Schmid- 
lapp and Marshall (1948) refer to instances of finding 
malignant cells only after several specimens had 
been examined, and Crabbe (1956) feels that a single 
smear could quite possibly show no malignant cells 
although these are present in the sample as a whole: 
in this way a false negative report could arise. 

It is evident that the reliability of cytological 
diagnosis is increased if ample numbers of cells are 


obtained from every urine sample. If in addition 
the cells are concentrated within relatively few fields 
of the microscope, the labour of surveying the whole 
area of one or more smeared slides is avoided. The 
present paper describes a procedure by which 
virtually all the cells in a sample of urine may be 
mounted within a small area. The method is suitable 
for routine use and has been found satisfactory over 
a trial period of several months. Most of the sam- 
ples received for screening are, of course, normal: 
Fig. | demonstrates the kind of preparation obtained 
from normal male urine. It will be appreciated that 
if, for example, the only abnormal cells in a urine 
sample were one or two small clumps, their detection 
would be relatively easy compared with the likelihood 
of observing them in one of several possible smears 
occupying a total area perhaps fifty times greater. 

The working time required per sample is wholly 
comparable to the smear technique when account 
is taken of the elimination of the tedious scanning 
of each smear. A technician, working alone and 
using a six-place centrifuge, mounts and stains the 
whole cell content of 12 urine samples in about 
one and a half hours; examination takes only a few 
minutes. Thus the whole procedure, including 
examination, takes no longer than the smear tech- 
nique, and the much larger number of cells examined 
per patient seems likely to improve diagnostic 
accuracy, particularly in cases where only a very 
few suspicious or malignant cells are being exfoliated. 
The time taken to carry out the test for microscopic 
haematuria (Oppenheimer, 1920; Crabbe, ef ai., 
1956) could be saved, as erythrocytes also appear 
in the preparation. 


Technique 
The principle used has been stated earlier (Rofe, 1955). 
It consists of the fixation of cells of urinary sediment by 
alcohol followed by the solution of mucus by addition 
of water. The centrifuged mucus-free deposit is allowed 
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METHOD FOR PREPARING URINE CELLS 


Fic. 1.—The upper photo- 
graph shows a preparation 
(actual size: 1-2 cm. dia- 
meter) of the whole cell 
content of 60 ml. normal 
male urine. The random field 
encircled is shown below 
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to dry on a slide in the presence of added albumen and 
glycerine. 

The procedure is as follows:— 

Samples which are not perfectly clear receive a few 
drops of N HCl until pH 5-0-5-5 is shown by indicator 
paper. The urines are spun for 10 minutes at 1,750 g.* 
and the supernatant liquid poured away. 

Absolute alcohol (10 ml.) is added in the form of a 
jet from a syringe so as to mix the sediment thoroughly. 

After five to 10 minutes, 8% glycerine solution at pH7 
is run in from a reservoir slowly at first with shaking, 
then more quickly to fill the centrifuge tube to a mark 
at 60 ml. This is followed by 0-15 ml. of 1°% egg albument 
solution and the tube inverted to mix. 

The cells are now concentrated for 10 minutes at 
1,750 g., the supernatant liquid is poured off and spinning 
continued for a further five minutes. During this period 
more liquid accumulates by drainage from the walls and 
this is removed by a Pasteur pipette until a depth equal 
to that of the cell deposit is left, i.e., just enough to 
re-suspend the cells. 

The whole suspension (about 0-02 ml.) is then taken 
up in the pipette stem and gently expelled on to a grease- 
free slide as a single drop. The area of the drop is 
enlarged by means of a needle until the curved meniscus 
becomes flat (diameter 0-5-1-5cm.). The slide is then 
left to dry in a warm, dust-free situation for about 
half-an-hour, or longer if desired, since the glycerine 
protects the cells from the distortion usually associated 
with drying. 

The staining procedure is as follows: alcohol/ether, 
equal parts, one minute; absolute alcohol, five minutes; 
70% alcohol; 50% alcohol; Harris haematoxylin, three 
minutes; 50° alcohol; 0-88 NH,OH, 05% in 70% 
alcohol, 30 seconds; 70% alcohol; 0-5°% orange G in 
95°%% alcohol, one-and-a-half minutes; absolute alcohol, 
10 seconds; Papanicolaou polychrome stain, three 
minutes; absolute alcohol, 10 seconds; xylol; neutral 
mountant. 


General Notes 

The dimensions of the centrifuge tubes which 
have been used are: outside diameter | 4 in.; wall- 
thickness in.; length 6} in. of which the final 
I? in. tapers evenly, i.e., with the same slope 
throughout, to a point. Internally the tip should be 
fairly sharp so that the final cell deposit, which is 
very small, forms an inverted cone enabling the 
relative depths of deposit and of liquid to be judged. 
To prevent the pointed centrifuge tube piercing the 
centrifuge bucket the pressure is distributed by a 
nylont disc 4in. thick surmounting a }in. thick 
rubber disc. A suitable Pasteur pipette should 
have a terminal drawn-out portion jin. long 
with outside diameter 4 in. and inside diameter & in. 


* 2,500 r.p.m. for the centrifuge used. 


+ Egg albumen flake (British Drug Houses Ltd.). 
8 to 9 and filter. 


¢ 66 nylon, 1.C.1. Plastics Division. 


Dissolve at pH 
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Much time can be saved by eliminating the usual 
balancing procedure before spinning. If suitably 
robust centrifuge tubes are employed, the use of 
water in the centrifuge buckets is unnecessary. Thus, 
a suitable number of units each comprising centrifuge 
tube, bucket, nylon disc, and rubber disc, may 
be adjusted permanently to a uniform weight— 
metal foil placed at the bottom of each bucket 
has been found convenient—and thereafter it is 
only necessary to fill each tube to the 60 ml. mark 
to obtain adequate balance. If a sample is less 
than 60 ml., saline may be used to make up the 
volume. Two other time-saving measures are well 
worth while if the method is to be used routinely. 
The syringe used for adding alcohol as a jet can be 
made semi-automatic by the addition of a reservoir, 
inlet and outlet valves, and a spring to withdraw 
the plunger. The washing and drying of the Pasteur 
pipettes in bulk also saves time and a device for this 
purpose is to be published (Rofe, 1957, in press). 

Care should be taken at all stages to prevent the 
introduction of dirt, which becomes concentrated 
along with the cells. The alcohol used for fixation, 
and also the distilled water, may require filtration. 
Bottles supplied for the collection of urine samples 
from workmen should have as narrow a neck as is 
thought practicable; this minimizes the amount of 
dust falling from the clothes into the sample during 
micturition. Textile fibres may be readily removed 
if the second spin is stopped after 15 minutes. 

The experimental induction of cancer of the 
bladder in the dog by various chemicals has led to 
the study of the urinary cytology as a control 
measure. A large number of samples of dog urine 
have been processed according to the above method, 
and the only modification which has been found 
necessary is an initial adjustment to pH4 to dissolve 
crystals. 


Summary 

A method is described by which the whole cell 
content of a sample of urine may be mounted 
within a small area and stained. 

The method is suitable for use as a routine, 
particularly in screening for bladder cancer by 
exfoliative cytodiagnosis. 

The advantage over the standard technique of 
smearing the urine sediment lies chiefly in the 
assurance of an adequate number of cells being 
obtained from every urine sample: this is particu- 
larly valuable where only a very few tumour cells 
are present, and in such cases may well lead to 
earlier diagnosis. 
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During the last two years, there has been increased 
interest in life-saving equipment for merchant sea- 
men. Life-rafts have been greatly improved and 
attention has also been turned to the efficiency of 
life-jackets. 

This paper deals with a particular aspect of the 
design of life-jackets, and describes a method of 
testing them. The work was done in 1943-45 for the 
Royal Air Force. Despite the lapse of time it seems 
appropriate to present our findings briefly, as we 
do not know of any similar work reported more 
recently. 

It occasionally happens that a seafarer is afloat 
in an unconscious state in a life-jacket; it is then 
imperative that his life-jacket should support him 
so that his face is clear of the water. Even if con- 
sciousness is maintained it is obviously desirable 
that the design of the jacket should be such that a 
weak or injured man is supported in a good position 
without effort on his part. 

Trials have often been made in which the pseudo- 
victim, encased in a life-jacket, attempts to remain 
passive when placed in the water. It has been found 
impossible for the conscious volunteer to remain 
quite inert, particularly when things seem to be 
going wrong. Quite small movements of the arms 
or legs, or brief inspiration and breath-holding can 
markedly alter the floating position of a man trying 
to be “inert”. The truly inert subject in the trials 
to be described fell into some most unusual positions 
which a conscious subject would instinctively avoid. 


Method 

The subject was deeply anaesthetized with a volatile 
anaesthetic. An endotracheal tube with an inflatable 
cuff was used to prevent water entering the subject’s 
lungs when his head became immersed and the pharynx 
was packed for extra security. The anaesthetic gases 
were conveyed to the endotracheal tube and exhaled 
gases were conducted away by a double lumen, corru- 
gated, non-kinking tube which was weighted by wrapping 
solder wire round it so that it had neutral buoyancy. 


Thus, the effect of the buoyancy of the tube upon the 
head position was negligible, a fact which was confirmed 
by moving the tube around to different angles. 

The subject was 5 ft. 74 in. tall and weighed 10 stone. 
He wore, in addition to the life-jacket or protective suit 
being tested, battle-dress, service underwear, and a 
seaman’s sweater. It had been found that flying boots 
usually came off in the sea, so they were not worn. 
Seaboot stockings were donned but these also came off 
very quickly during the trials, and are missing in most 
photographs. 

Four trials were made: two in fresh water in a swim- 
ming pool which allowed underwater photography, one 
in still salt water (3-5°% sodium chloride) and one in salt 
water in a pool fitted with a wave machine which pro- 
duced a disturbed, choppy “ sea” with waves up to 3 ft. 
trough-to-crest height. 

Some 20 flotation garments were tested. It is not 
proposed here to repeat the specific comments upon 
them, which were recorded in official minutes and 
reports. An attempt will, however, be made to illustrate 
the behaviour of some types of flotation gear, and some 
of the defects from which they may suffer. 


Results 
The jackets and flotation garments which we 
tested may be divided into three functional groups: 
(1) Those which support the subject in a horizontal 
position; (2) those which support him in a supine 
position inclined at about 45° to the surface; and 
(3) those which support him vertically. 


Subject Unsupported by Life-jacket.—Before the 
tests began we thought it would be interesting to 
learn what would happen to an unconscious subject, 
breathing lightly and not supported by a life-jacket, 
when placed in fresh water. He sank promptly 
(Fig. 1). The trunk tends to sink a little after the 
legs but the subject soon came to rest in a horizontal 
position on the floor of the tank. 


Horizontal Floating Position.—A garment in which 
the buoyancy extends over both the trunk and legs 
floats the subject horizontally on the surface of the 
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Fic. 1.—No life-jacket. Fic. 2.—Buoyant overall, stable when supine. 


Fic. 3.—As (2), underwater view. Fic. 4.—Buoyant overall, stable when prone. 


Fic 5.—As (4), underwater view. Fic. 6.—Buoyant overall in rough water. 
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Fic. 7.—-Buoyant overall, rough water, stable when prone. Fic. 8.—Life-jacket, supine 45° position. 


z Fic. 9.—As (8), underwater view. Fic. 10.—Supine, 45° jacket, start of “ self righting ”. 


Fic. 11.—As (10), further stage. Fic. 12.—As (10), “ self righting ” almost complete. 
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Fic. 15.—As (13), “ self righting ** completed. Fic. 16.—Effect of shifting buoyancy. Pe i 


Fic. 17,—As (16), underwater view. Fic. 18.—As (16), rough water. 


és 
Fic. 13.—As (10), “* self righting ” in rough water, first stage. Fic. 14.—As (13), further stage. aes 
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Fic. 19.—-Buoyancy too small and too low. 


Fic. 23.—Same jacket as (21), harness now corrected. Fic. 24.—Vertical type life-jacket. 


Fic. 20.—As (19), underwater view. 
Fic. 21.—Harness unsatisfactory. Fic. 22.—As (21), underwater view. 
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Fic. 25.—As (24), underwater view. 


Fic. 27.—As (26), further stage. 


Fic. 28.—Head support incomplete. Fic, 29.—Good head support. 
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water (Fig. 2). Fig. 3 shows the underwater view. 
In this supine position the subject is stable, and the 
garment appears attractive. However, it is equally 
stable if the subject, by any mischance, gets into the 
prone position. Figs. 4 and 5 show this, in calm 
water. The arms and legs drop slightly and exert a 
keel-like effect so that a considerable force is required 
to turn the subject. It was not found possible to 
cause a sufficient turning force by any buoyancy 
compartment of tolerable bulk attached to the 
subject’s body. It seems probable that the con- 
struction of a horizontally floating, buoyant gar- 
ment with self-righting properties will be difficult or 
impossible. Figs. 6 and 7 illustrate the stability of 
both supine and prone positions when the subject 
floats in rough water. 


Floating Supine at 45° to Surface.—Fig. 8 shows 
a typical life-jacket which produces this posture and 
Fig. 9 is an underwater view. Buoyancy extending 
down the chest is responsible for the slightly curved 
inclined position. 

In a well-designed garment of this type, when the 
subject is deliberately placed face downwards, the 
legs first drop until the body comes to lie at about 
45° and the head is then drawn above the surface 
by a twisting action to which the arms and legs offer 
little resistance, since they are close to the axis of 
twist. The underwater views of this process are 
shown in Figs. 10, 11, and 12 (smooth water), and 
in Figs. 13, 14, and 15 (rough water). Fig. 13 shows 
a slightly earlier stage in the process than does 
Fig. 10, and the legs have not yet dropped. 

This “ self-righting by twisting’ can be prompt 
and a well-designed garment of this type not only 
offers great resistance to immersion of the head but 
very promptly pulls the face clear if, by mischance, 
it becomes immersed. This effect can be more 
prompt and definite than any other type of self- 
righting motion which was seen. 

Life-jackets which aim at this 45° position are, 
however, subject to a number of possible defects. 

Fig. 16 shows a jacket which maintains the subject 
supine at 45° when he is placed in the water in that 
position. Here, however, there is too much buoyancy 
on the back, and it is too low down. Moreover, the 
garment is air-filled and the site of maximum 
buoyancy may change with movement of air within 
the inflated chamber. As a result, many positions 
are stable; Fig. 16 shows the position to which the 
subject and jacket returned after being placed face 
downwards. Fig. 17 shows the underwater view and 
Fig. 18 shows that the position is similar in rough 
salt water; it will be seen that the nose and mouth 
are fully immersed. 

Fig. 19 shows another jacket which supports the 
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wearer with the head clear of the water and with 
the body at 45° to the surface, if he be placed in this 
position. However, the garment has very bad self- 
righting properties because the buoyancy is too 
small and it is symmetrical: furthermore, the point 
of maximum buoyancy can shift. Figs. 19 and 20 
show the positions to which he returned after the 
subject had been disturbed. 

A life-jacket may be well designed, but unless it is 
firmly attached to the wearer it may fail completely 
in its purpose. Fig. 21 shows a life-jacket whose 
harness for attachment was quite unsatisfactory. 
The subject easily became partially dislodged from 
the jacket, so that although the jacket remained 
well placed upon the surface, the subject’s nose and 
mouth became immersed (Figs. 21 and 22). When 
this defect of the harness was corrected, however, 
the jacket performed excellently and gave very 
prompt self-righting. It is shown in rough water in 
Fig. 23. 


The Vertical Floating Position.—When the buoy- 
ancy is concentrated around the neck, the subject 
will float vertically as in Figs. 24 and 25. When 
placed face downwards he seemed to “ right” by a 
process of tilting only, as may be seen in Figs. 26 
and 27, the final position being as in Fig. 24. 

This process was slower than self righting by 
twisting, since more resistance is offered to the 
movement in the water. The position of the head, 
as in Fig. 24, is well clear of the water. It can hardly 
fall forward and become immersed; nevertheless, 
unless it is well supported it may fall sideways. 

Fig. 28 shows a jacket of the upright-floating type 
in which the head can fall sideways, and although 
not quite immersed, the nose and mouth are 
perilously close to the water. 

Fig. 29 shows a life-jacket in which effective pre- 
cautions have been taken to prevent sideways move- 
ments of the head by means of a kapok collar 
structure. Although the high, and substantialiy 
vertical, head position of this type of jacket has 
certain merits, it has one disadvantage. Unless the 
relation of waves and wind is very abnormal, the 
subject will float face towards the waves. In this 
upright floating position his face will be exposed to a 
good deal of lop and spray. In the 45° position, the 
buoyancy chamber of the life-jacket can be made 
to serve as a wave break to divide the waves and 
keep the face comparatively clear. Fig. 15 illustrates 
this. 


Discussion 
The qualities aimed at in a good life-jacket are 
many, and they vary considerably with the par- 
ticular conditions in which it is to be used. 
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The design of jackets so that they are comfortable, 
buoyant, robust, easy to inflate and adjust, able to 
carry ancillary equipment, etc., and yet allow the 
subject to swim, is properly the task of engineers. 

The engineer needs medical assistance, however, 
because the human body contributes most of the 
buoyancy to the subject-life-jacket combination so 
that the body’s variations must be considered. 

If dummies could be made, representative of the 
various types of men, women, and children, they 
would be of great help to engineers interested in this 
work. The dummies would have to be correct in 
weight, in total and distributed buoyancy, in the 
location of centres of gravity, and in flexibility. The 
many photographs and films obtained during these 
trials might be helpful for comparison between the 
behaviour of any proposed dummy and that of a 
truly inert human subject. 

Since satisfactory dummies did not exist, we had 
to adopt the procedure we have described. Despite 
its clear limitations, we believe it gave some informa- 
tion which was more objective than that yielded by 
previous trials. Our trials dealt only with the floating 
position of the subject and life-jacket and it must 
always be remembered that a good basic floating 
position is only one of the many attributes which a 
life-jacket should possess. Trials like these cannot 
alone determine which is a good life-jacket and 
which a bad one. 

From these investigations some tentative pro- 
posals may be made. 

(1) Sometimes life-jackets are the property of the 
wearer and then they may fit reasonably well; speed 
of donning may be balanced against efficiency of the 
attachment, and a well-balanced garment may be 
chosen. Sometimes the life-jackets belong to the 
vessel and may have to be donned urgently. Then 
it is often required that they should be freely inter- 
changeable between all men, women, and even 
children, that they should function even if put on 
back to front and that donning should be simple and 
very speedy. When reversibility can be dispensed 
with, life-jackets which float the subject supine at 
about 45° to the water’s surface, seem to have the 
following advantages 

(a) High density additions to the mass of the 
subject, as, for example, metal equipment carried 
by soldiers, are less likely to cause trouble than in 
other postures. Only if this equipment were sus- 
pended from the head or back of the shoulders 
would it be likely to tilt the subject backwards and 
even then the moment of force would be small. 
Suspended from the chest or lower part of the body 
such masses may tend to tip the subject forward, 
but 45° of forward tilt can be tolerated before the 
subject becomes upright, in which position, if the 
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jacket be well designed, it is still unlikely that his 
face would be immersed. To tilt him further, very 
large masses would be needed since, in this type of 
jacket, the maximum buoyancy is necessarily con- 
centrated on the chest. 

Similar considerations apply to forces of waves 
tending to tilt the subject. 

In the case of jackets producing an upright float- 
ing position, the angular movement forward before 
potential danger occurs is small. This does not, of 
course, mean that the upright floating position may 
not be the best possible when the carriage of heavy 
equipment is unlikely, when wide interchangeability 
of jackets is needed, and when rapidity of donning 
and reversibility are considered essential. 

(b) If the 45° position is used, it is possible to 
make the self righting of the subject, from dangerous 
to safe positions, rapid and decisive. At its best, the 
twisting motion seen with this type of jacket was 
found to be more prompt and rapid than any other 
self-righting motion. 

(2) Whatever form of jacket be used, the follow- 
ing points must be heeded :— 

(a) The buoyancy must not be so symmetrically 
distributed that several positions of stability become 
possible by small changes of posture of the subject 
within the harness. 

(b) The possibility of shift of the position of 
maximum buoyancy, which is inherent in all in- 
flated life-jackets, unless they are very tightly dis- 
tended, must either be eliminated or allowed for. 

(c) The harness which attaches the jacket to the 
subject must maintain, in all conditions, a satisfac- 
tory relationship between them. It is useless for the 
jacket to float in an ideal position if the subject has 
largely fallen away from it. 

(3) Flotation garments which support the subject 
in a horizontal position will be unlikely to possess 
self-righting properties. While they may be stable 
with the subject supine, supporting the nose and 
mouth clear of the water, they are likely also to 
be stable with the subject prone and the face im- 
mersed, and considerable effort may be needed to 
extricate him from this lethal situation. 

Most water-tight suits used for protection against 
cold and immersion will necessarily render the 
subject’s legs buoyant and float him horizontally. 
Against the large advantages of protection which 
they give must be set the lack of the self-righting 
property. 


Summary 
A technique is described whereby an anaesthetized, 
inert man was used as a subject to test the basic 
flotation properties of life-jacket/subject combina- 
tions. 
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The results of four trials are described and illus- 
trated, and certain tentative opinions expressed. For 
application where rapidity of donning and wide 
interchangeability of the life-jacket are not required, 
it is suggested that there are advantages in jackets 
which float the subject supine at 45° to the surface. 


We wish to thank the Governors of the London Hos- 
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lending their swimming baths. The work was done for 
the Royal Air Force and we thank the Air Ministry and 
the R.A.F. Institute of Aviation Medicine for permission 
to publish it. A report on the work formed part of a 


thesis for the M.D. which one of us submitted to Cam- 
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IN NON-FERROUS FOUNDRIES 
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Foundries where non-ferrous metals are cast are 
often very hot and it is not uncommon in the height 
of summer for a foundry to be closed shortly after 
midday because conditions become too hot for 
sustained work. This survey of typical working 
environments in such foundries was made at the 
request of a Joint Standing Committee of the 
Ministry of Labour and National Service consisting 
of representatives of the employers and trade unions 
concerned, which was charged with studying safety, 
health, and welfare in non-ferrous foundries. 

The work done in these foundries fell into two 
main categories; in the first were tasks which in- 
volved only short exposures to intense heat, while 
in the second were tasks involving exposure to a hot 
environment continuously throughout the shift. 
The results of this survey show that it was only 
possible by the standard methods to measure very 
roughly the exposure in the former category of work 
but that a more accurate assessment could be made 
of the severity of the heat stress in the latter division. 

From the observations made in this study it has 
been possible to indicate the main features which 
gave rise to the uncomfortably warm environments. 
A furnace was subsequently designed in which many 
of these undesirable features were omitted, with the 
result that working conditions were much improved 
and the efficiency of the use of fuel was increased 
markedly. 


Methods of Measurement 

Surveys of the thermal environment in positions 
typically occupied by foundrymen were made, the values 
of the various thermal factors being measured. 

Air temperatures were measured with an aspirated 
hygrometer, the bulbs of which were shielded from the 
influence of radiation by polished metal tubes. 

The air speed was measured with a silvered kata- 
thermometer. 

The intensity of radiation, expressed as the mean 
radiant temperature (M.R.T.), was measured both with 
a globe thermometer and with a thermopile, but the 


value obtained with the thermopile was used in preference 
to that calculated from the reading of the globe thermo- 
meter because the elevation of the mean radiant tem- 
perature was due largely to a few local sources of high 
intensity rather than to a generally high temperature of the 
solid surroundings. In order to scan as nearly as possible 
a complete sphere round the point of measurement 
76 individual readings in different directions were taken 
with the thermopile and the mean radiant temperature 
was calculated from the average value. Use of the thermo- 
pile also enabled the main sources of radiant heat to be 
located, and gave a quantitative indication of their 
relative severities at the point of measurement. 


Results 


(1) Short Exposures.—Foundrymen in charge of 
the larger furnaces, mostly the rotary or tilting type 
of melting furnace, spent much of their time some 
distance from the furnace waiting for a charge of 
metal to be melted. Thus, although the environment 
near to these furnaces was hot, especially when 
metal was being loaded into or poured from the 
furnace, the men were only exposed to such con- 
ditions for a relatively short time at infrequent 
intervals, usually of the order of a few minutes in 
each hour. Much of the heat in the environs of 
these furnaces emanated from the considerable 
volumes of flue-gas which were discharged directly 
into the air of the foundry, and from the furnaces 
themselves which were inadequately insulated. In 
Table | are listed some typical environments near 
furnaces of these types. 

The intensity of radiation to which the furnace- 
man was exposed increased greatly when the furnace 
door was opened. An indication of the extent of 
this increase is given in the last two examples in 
Table |. The last example in this table concerns the 
thermal conditions near a tilting furnace from which 
molten metal was poured into ingot moulds on a 
conveyor belt. While the metal was being melted 
conditions were typical of those cited earlier in the 
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TABLE 1 
THERMAL ENVIRONMENTS NEAR TILTING AND ROTARY FURNACES 


Position 


In front of two tilting furnaces 

in front of a tilting furnace 

In front of a tilting furnace 

In front of two tilting furnaces 

in front of semi-rotary furnace 

In front of same semi-rotary furnace while charging with metal 
Beside furnaceman while pouring ingots from tilting furnace 


Air Temperature 


M.R.T. Air Speed 
(F.) Dry Bulb Wet Bulb (ft./min.) 
CF.) CF.) 

106 79 66 95 

99 72 61 No record 
115 79 62 70 
104 79 59 215 
66 63 | 54 110 
99 63 | 54 110 
140 82 61 | 185 


table, but a rapid survey of the conditions when 
metal was being poured showed that there was a 
marked rise in the mean radiant temperature (from 
about 100° F. to 140° F.) due to considerable 
radiation from the molten metal and the previously 
cast ingots on the conveyor. This increased radiation 
fell on the front of the furnaceman giving rise to 
acute discomfort. 

Whereas the capacity of most of the furnaces seen 
was only 600 to 800 pounds, the semi-rotary furnace 
referred to in Table | was of about 6 tons capacity. 
The designers had endeavoured to reduce the heat 
losses to the environment as much as possible, 
(a) by adequate insulation, so that the surface 
temperature remained very low, and (4) by con- 
ducting away the exhaust flue-gases in insulated 
ducts which discharged outside the foundry. Table | 
shows that while the furnace was closed the environ- 
ment was relatively cool. Because of its large 
capacity this furnace took much longer to load than 
the smaller ones, so that a more precise measure- 
ment of the change in the mean radiant temperature 
while the furnace was open could be made. Surveys 
with the thermopile revealed that only six of the 76 
readings taken changed when the furnace was open, 
yet this caused the mean radiant temperature to 
increase from 66° to 99° F. Assuming that the 
radiation intensity indicated by the mean of these 
six readings is a fair measure of the intensity of the 
radiation incident on the front of the man as he 
faced the furnace, it may be calculated that after the 
furnace door was opened the average intensity 
increased from about 146 to 570 B.Th.U./ft.?/hr., 
while the intensity on the line normal to the opening 
was about 1,550 B.Th.U./ft.2/hr. So expressed the 
increased local exposure is shown to be much 
greater than the change in the mean radiant tem- 
perature would indicate. 


(2) Long Exposures.—Some foundry workers, of 
whom those engaged in die casting formed the 
majority, spent almost the entire shift in the same 
environment. Die casters ladled molten metal from 
a bale-out furnace and poured it into a die. The 
dies were of two types, gravity dies into which the 


metal was poured directly from the ladle, and pressure 
dies into which the metal was injected under pressure 
after being poured by hand into the inlet. The 
gravity dies became very hot and were one of 
the sources of local, intense, thermal radiation. The 
radiation reaching the men from the pressure dies 
was less intense because the hot dies were screened 
by the pressure mechanism. When the metal had 
been in the die for a few moments and had solidified, 
the die was opened, the hot casting was removed, 
the die was re-assembled and a fresh cycle of opera- 
tions was then started. A complete cycle took from 
one to five minutes depending upon the size of the 
casting and the intricacy of the die, and considerable 
muscular effort was involved in the work, particu- 
larly with the larger castings, for then up to about 
10 ib. of metal had to be carried in the ladle and 
some of the individual sections of the die were 
relatively heavy. 

Since the work was repetitive and of long duration 
it was possible to make more thorough assessments 
of the thermal environment than with the shorter 
exposures referred to in previous paragraphs. 

In the conventional type of bale-out furnace 
studied in this investigation gas or oil was used as 
fuel. The metal to be melted was contained in a 
crucible which was situated in a cylindrical furnace. 
The fuel was supplied to a burner at the base of the 
furnace and burnt in the space between the furnace 
walls and the crucible, the metal being heated 
indirectly through the crucible walls. The top of 
the crucible was exposed, and molten metal was 
obtained by dipping a long-handled ladle into the 
crucible. A flue pipe at the back of the furnace 
discharged the flue-gases directly into the atmo- 
sphere at about 4 ft. from the floor. In order to 
obtain a sufficiently high rate of melting, and also 
to maintain a reducing atmosphere round the cru- 
cible which would suffer a decrease in thermal 
conductivity if allowed to oxidize, it was common 
practice to allow a tip of flame to protrude from the 
flue pipe. 

Obviously, such a furnace was thermally inefficient. 
A great deal of heat was lost to the environment 
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in the form of convected heat from the flue-gases, 
and radiant heat both from the exposed surface of 
the molten metal and from the furnace body. The 
insulation round the furnace was often inadequate 
and surface temperatures of about 300° F. were 
not uncommon. A test of the thermal efficiency 
of one such furnace showed that only 13°, of the 
calorific content of the fuel supplied was used in 
heating the metal. In addition to the products of 
combustion further atmospheric pollution was 
caused by the fumes which resulted from the use 
of fluxes from time to time in order to remove 
oxides and other impurities from the metal in the 
form of a slag. The results of surveys made in 
typical working positions near to such furnaces are 
given in Table 2. 

Another type of bale-out furnace, which was in 
less common use because of its greater capital cost 
and more complicated installation, was the low- 
frequency induction type of electrical furnace. Heat 
was generated by eddy currents set up in a column 
of metal by an alternating electrical field induced 
by coils round the column. Thus heat was produced 
where it was required, in the metal itself, and was 
not applied indirectly through a crucible. The 
thermal efficiency of these furnaces was much 
greater than that of the crucible furnace. There was 
little convective heating since there were no flue- 
gases; the thermal insulation round the furnace was 
adequate, for example, the temperature of the 
outer surface was found to be of the order of 140° F. 
Furthermore, the production of fumes was much 
reduced since comparatively little use of flux was 
necessary. The L.F. electric furnace, near which the 
environmental survey reported in Table 2 was made, 
was one of a group of furnaces which had been 
installed in the workshop in which the castings were 
** finished ”. No additional ventilation had been 
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necessary to maintain acceptable working con- 
ditions throughout the workshop, since the furnaces 
emitted negligible quantities of heat and fumes. The 
conventional type of bale-out furnace referred to 
previously had invariably been installed in separate 
foundry shops, and typical thermal conditions in 
such shops are shown in the upper part of Table 2. 

By far the greatest source of heat loss from the 
electric furnaces was the radiation from the surface 
of the molten metal, and, by fitting insulated sliding 
covers over the bath which contained the metal, this 
had been limited to the relatively short periods 
during which metal was being withdrawn from the 
furnace. The metal was automatically uncovered 
by a mechanism actuated by a foot switch which 
was depressed as the foundryman approached the 
furnace. The manager of the foundry reported that 
after these covers were fitted there had been a 
reduction of 7 kilowatts in the power consumed 
during normal use of a furnace, the maximum power 
consumption of which was 35 kilowatts. 

(3) A Reverberatory Furnace.—When the main 
results of the environmental surveys were examined 
and the various sources of heat loss from furnaces 
listed, it was possible to propose a broad specifica- 
tion for a furnace which could be used satisfactorily 
without emitting much “ wild heat”. It seemed 
desirable that for cheapness and ease of installation 
the fuel should be oil or gas; that the metal should, 
if possible, be heated directly; that the body of the 
furnace should be adequately insulated to keep the 
surface temperature below 100° F.; that the molten 
metal should be covered except when metal was 
being ladled out of the furnace; and that the exhaust 
gases should be discharged above head level or 
carried away in ducts. 

With such a specification in mind an oil-fired 
reverberatory furnace was built and has been fully 


Mean Radiant 


Air Temperature 


Type of Bale-out Air Speed 
: Furnace Type of Die — Dry Bulb Wet Bulb (ft./min.) 
} CF.) °F.) 
§ Conventional Gravity 90 72 620 
151 86 71 170 
118 72 55 150 
154 88 66 150 
145 79 59 
142 70 58 325 
pe 174 82 63 225 
144 72 60 No record 
153 72 62 90 
‘ 147 75 64 No record 
* 131 63 56 No record 
ie 181 91 64 180 
Pressure 140 84 70 No record 
135 8&4 61 No record 
109 72 37 No record 
L.F. electric | = 104 68 56 110 
iil 68 $7 50 
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TABLE 
THERMAL ENVIRONMENTS NEAR TILTING AND ROTARY FURNACES 


Position 


In front of two tilting furnaces 

In front of a tilting furnace 

In front of a tilting furnace 

In front of two tilting furnaces 

In front of semi-rotary furnace 

In front of same semi-rotary furnace while charging with metal 
ide furnaceman while pouring ingots from tilting furnace 


Air Temperature 


M.R.T. Air Speed 
CF.) Dry Bulb Wet Bulb (ft./min.) 
CF.) (F.) 
106 719 66 95 
72 61 No record 
115 79 62 70 
104 79 59 215 
66 63 | 54 110 
99 63 | 54 110 
140 | 185 


table, but a rapid survey of the conditions when 
metal was being poured showed that there was a 
marked rise in the mean radiant temperature (from 
about 100° F. to 140° F.) due to considerable 
radiation from the molten metal and the previously 
cast ingots on the conveyor. This increased radiation 
fell on the front of the furnaceman giving rise to 
acute discomfort. 

Whereas the capacity of most of the furnaces seen 
was only 600 to 800 pounds, the semi-rotary furnace 
referred to in Table | was of about 6 tons capacity. 
The designers had endeavoured to reduce the heat 
losses to the environment as much as possible, 
(a) by adequate insulation, so that the surface 
temperature remained very low, and (b) by con- 
ducting away the exhaust flue-gases in insulated 
ducts which discharged outside the foundry. Table | 
shows that while the furnace was closed the environ- 
ment was relatively cool. Because of its large 
capacity this furnace took much longer to load than 
the smaller ones, so that a more precise measure- 
ment of the change in the mean radiant temperature 
while the furnace was open could be made. Surveys 
with the thermopile revealed that only six of the 76 
readings taken changed when the furnace was open, 
yet this caused the mean radiant temperature to 
increase from 66° to 99° F. Assuming that the 
radiation intensity indicated by the mean of these 
six readings is a fair measure of the intensity of the 
radiation incident on the front of the man as he 
faced the furnace, it may be calculated that after the 
furnace door was opened the average intensity 
increased from about 146 to 570 B.Th.U./ft.?/hr., 
while the intensity on the line normal to the opening 
was about 1,550 B.Th.U./ft.2/hr. So expressed the 
increased local exposure is shown to be much 
greater than the change in the mean radiant tem- 
perature would indicate. 


(2) Long Exposures.—Some foundry workers, of 
whom those engaged in die casting formed the 
majority, spent almost the entire shift in the same 
environment. Die casters ladled molten metal from 
a bale-out furnace and poured it into a die. The 
dies were of two types, gravity dies into which the 


metal was poured directly from the ladle, and pressure 
dies into which the metal was injected under pressure 
after being poured by hand into the inlet. The 
gravity dies became very hot and were one of 
the sources of local, intense, thermal radiation. The 
radiation reaching the men from the pressure dies 
was less intense because the hot dies were screened 
by the pressure mechanism. When the metal had 
been in the die for a few moments and had solidified, 
the die was opened, the hot casting was removed, 
the die was re-assembled and a fresh cycle of opera- 
tions was then started. A complete cycle took from 
one to five minutes depending upon the size of the 
casting and the intricacy of the die, and considerable 
muscular effort was involved in the work, particu- 
larly with the larger castings, for then up to about 
10 Ib. of metal had to be carried in the ladle and 
some of the individual sections of the die were 
relatively heavy. 

Since the work was repetitive and of long duration 
it was possible to make more thorough assessments 
of the thermal environment than with the shorter 
exposures referred to in previous paragraphs. 

In the conventional type of bale-out furnace 
studied in this investigation gas or oil was used as 
fuel. The metal to be melted was contained in a 
crucible which was situated in a cylindrical furnace. 
The fuel was supplied to a burner at the base of the 
furnace and burnt in the space between the furnace 
walls and the crucible, the metal being heated 
indirectly through the crucible walls. The top of 
the crucible was exposed, and molten metal was 
obtained by dipping a long-handled ladle into the 
crucible. A flue pipe at the back of the furnace 
discharged the flue-gases directly into the atmo- 
sphere at about 4 ft. from the floor. In order to 
obtain a sufficiently high rate of melting, and also 
to maintain a reducing atmosphere round the cru- 
cible which would suffer a decrease in thermal 
conductivity if allowed to oxidize, it was common 
practice to allow a tip of flame to protrude from the 
flue pipe. 

Obviously, such a furnace was thermally inefficient. 
A great deal of heat was lost to the environment 
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in the form of convected heat from the flue-gases, 
and radiant heat both from the exposed surface of 
the molten metal and from the furnace body. The 
insulation round the furnace was often inadequate 
and surface temperatures of about 300° F. were 
not uncommon. A test of the thermal efficiency 
of one such furnace showed that only 13° of the 
calorific content of the fuel supplied was used in 
heating the metal. In addition to the products of 
combustion further atmospheric pollution was 
caused by the fumes which resulted from the use 
of fluxes from time to time in order to remove 
oxides and other impurities from the metal in the 
form of a slag. The results of surveys made in 
typical working positions near to such furnaces are 
given in Table 2. 

Another type of bale-out furnace, which was in 
less common use because of its greater capital cost 
and more complicated installation, was the low- 
frequency induction type of electrical furnace. Heat 
was generated by eddy currents set up in a column 
of metal by an alternating electrical field induced 
by coils round the column. Thus heat was produced 
where it was required, in the metal itself, and was 
not applied indirectly through a crucible. The 
thermal efficiency of these furnaces was much 
greater than that of the crucible furnace. There was 
little convective heating since there were no flue- 
gases; the thermal insulation round the furnace was 
adequate, for example, the temperature of the 
outer surface was found to be of the order of 140° F. 
Furthermore, the production of fumes was much 
reduced since comparatively little use of flux was 
necessary. The L.F. electric furnace, near which the 
environmental survey reported in Table 2 was made, 
was one of a group of furnaces which had been 
installed in the workshop in which the castings were 
‘* finished”. No additional ventilation had been 


necessary to maintain acceptable working con- 
ditions throughout the workshop, since the furnaces 
emitted negligible quantities of heat and fumes. The 
conventional type of bale-out furnace referred to 
previously had invariably been installed in separate 
foundry shops, and typical thermal conditions in 
such shops are shown in the upper part of Table 2. 

By far the greatest source of heat loss from the 
electric furnaces was the radiation from the surface 
of the molten metal, and, by fitting insulated sliding 
covers over the bath which contained the metal, this 
had been limited to the relatively short periods 
during which metal was being withdrawn from the 
furnace. The metal was automatically uncovered 
by a mechanism actuated by a foot switch which 
was depressed as the foundryman approached the 
furnace. The manager of the foundry reported that 
after these covers were fitted there had been a 
reduction of 7 kilowatts in the power consumed 
during normal use of a furnace, the maximum power 
consumption of which was 35 kilowatts. 

(3) A Reverberatory Furnace.—When the main 
results of the environmental surveys were examined 
and the various sources of heat loss from furnaces 
listed, it was possible to propose a broad specifica- 
tion for a furnace which could be used satisfactorily 
without emitting much “ wild heat”. It seemed 
desirable that for cheapness and ease of installation 
the fuel should be oil or gas; that the metal should, 
if possible, be heated directly; that the body of the 
furnace should be adequately insulated to keep the 
surface temperature below 100° F.; that the molten 
metal should be covered except when metal was 
being ladled out of the furnace; and that the exhaust 
gases should be discharged above head level or 
carried away in ducts. 

With such a specification in mind an oil-fired 
reverberatory furnace was built and has been fully 


TABLE 2 
THERMAL ENVIRONMENTS NEAR BALE-OUT FURNACES 


Mean Radiant 


Air Temperature 


Type of Bale-out . Air Speed 
Furnace Type of Die =" Dry Bulb Wet Bulb (ft./min.) 
(P.) CF.) 
Conventional Gravity 129 90 72 620 
” 1S1 86 71 170 
118 72 55 150 
* 154 88 66 150 
Es 145 79 59 300 
» 142 70 58 325 
* 174 82 63 225 
144 72 60 No record 
sa 153 72 62 90 
* 147 75 64 No record 
> 131 63 56 No record 
” 181 91 64 180 
Pressure 140 84 70 No record 
” 135 84 61 No record 
“a 109 72 57 No record 
L.F. electric | ee | 104 68 56 110 
Reverberatory 111 68 $7 50 
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described elsewhere (Turner, Lawrie, Eyden, and 
Edwards, 1956). Despite early misgivings regarding 
the metallurgical aspects of this method of melting, 
it has proved practicable to produce acceptable 
aluminium castings in both gravity and pressure dies 
using metal from such furnaces. The thermal 
efficiency of one of these furnaces was found to be 
about 32°%% compared with 13% for a conventional 
furnace. 

One furnace of this type has been in continual 
use for over six months without need of main- 
tenance. The die casters using the furnace said that 
they preferred it to the conventional type because 
metal was melted at a greater rate and a high level 
of metal was thus maintained in the bale-out bath, 
so that the ladle could be applied obliquely, and the 
exposure of the die caster to radiation from the 
metal surface much reduced. 


(4) Physiological Heat Stress.—In order to assess 
the severity of the heat stress imposed upon die 
casters working near the various types of bale-out 
furnace, the Belding-Hatch heat stress index has 
been applied. 

In order to compute this index one needs to 
ascertain the rate at which heat must be lost by the 
evaporation of sweat if the body is to remain in 
thermal equilibrium. Hence one needs to know the 
rate at which the body is producing heat, and to 
compute the heat exchanges by radiation and con- 
vection. Belding and Hatch (1955) give a table 
showing the metabolic rates associated with various 
tasks, and they also give equations by means of 
which the convective and radiative exchanges can 
be computed on the assumption that the mean skin 
temperature is 95° F. The maximum evaporative 
capacity, under the given conditions of atmospheric 
humidity and wind speed when the skin is com- 
pletely wet, is also calculated. 

From the figures so obtained the heat-stress index 
is calculated in two ways. The rate of evaporative 
heat-loss required to maintain equilibrium is 
expressed as a percentage (a) of 2,400 B.Th.U. an 
hour, the rate of heat-loss when | litre of sweat is 
evaporated each hour; and (+) of the maximum rate 
at which sweat could be evaporated from a com- 
pletely wet skin. The higher value so obtained is 
taken as the index of heat stress. 


The assumption that the mean skin temperature is 
invariable at 95° F. is a drawback of the method, 
but short of measuring it for every estimation there 
seems to be no other approach. In the light of 
present knowledge it is impossible, from a know- 
ledge of the environment and of the metabolic rate, 
to predict the mean skin temperature with the 
desirable accuracy. For the wide application of the 
method in industry there is the disadvantage that 
the equations apply strictly only to nude men, and 
estimates of the heat load may be seriously in 
error if heavy clothing is worn. Belding and Hatch 
think that no serious error will arise if only single 
layers of light-weight clothing are worn. 

Despite these limitations, however, the index does 
give a fair quantitative comparison of different 
environments. Values of the index for two en- 
vironments which are typical of conditions found 
near the various furnaces are given in Table 3. 
Since the foundry workers were clothed the heat 
stress to which they were subjected would tend to 
be greater than that indicated. 

Belding and Hatch express the meaning of various 
values of the index in terms of the severity of the 
effects on persons exposed for eight hours. For 
values between 50 and 60 they say that there is 
severe heat strain, and that medical selection of 
personnel is desirable since the conditions are un- 
suitable for persons having cardiovascular or 
respiratory impairments. A comparison of the 
results given in Table 2 with the first example in 
Table 3 shows that many of the environments near 
the conventional type of furnace would fall in this 
range. 

Environments where the value of the index is 
between 20 and 30 are said to produce only mild 
heat strain, insufficient to cause significant decre- 
ment in the ability to perform muscular work, 
although there may be substantial decrements in 
the performance of intellectual tasks in such en- 
vironments. Thus it would seem that with electric 
and reverberatory furnaces the heat stress is small 
in comparison with that caused by the conventional 
furnaces. 

In one foundry, which was typical of many where 
the conventional oil-fired furnaces were in use, it 
was possible to measure the sweat losses of a small 


TABLE 3 
VALUES OF BELDING-HATCH HEAT STRESS INDEX FOR TWO TYPICAL FOUNDRY ENVIRONMENTS 


Air Temperature Globe 


M.R.T. Air Speed Thermometer Heat 
CF) 


(ft./min.) Temperature Stress 


Wet B 
Index 


Furnace Dry Bulb 
CF.) 
Conventional bale-out furnace 80 
L.F. electric and reverberatory furnaces 65 


60 i145 200 103 55 
$5 100 50 82 30 
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sample of the workers. Three men were observed 
during three shifts. They were weighed both nude 
and clothed before and after the shift, and they 
were also weighed clothed before and after each 
meal break. A careful note was kept of any fluid 
consumed or excreted in the periods between 
weighings, and the thermal variables in the environ- 
ment near each man were measured regularly 
throughout the shift. The results of these measure- 
ments, together with measurements of the thermal 
environment, are shown in Tables 4a and 4b. The 
rates of sweating which, according to calculation, 
were needed to maintain thermal equilibrium, are 
also shown. 

When the exposure is not such as to cause con- 
siderable quantities of sweat to drip from the body 
one would expect fair agreement between the cal- 
culated and observed rates of sweating, although 
since the men were clothed the actual rate of sweat- 
ing might be expected to be somewhat the higher. 
Averaging the 27 observations on the three men 
the observed rates of sweating were about 7% in 
excess of the estimated required rates. The average 
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deviation of individual observed rates from the 
predicted requirements was about 24°. 


Discussion 

It is apparent from the findings of this survey that 
conditions in foundries may often be such as to 
impose a severe heat stress upon those working 
in them. None of the observations reported 
here was taken during excessively hot weather; on 
no occasion did the outside temperature exceed 
75° F. and it was most often between 55° and 
65° F. Thus it may fairly be inferred that during 
hot summer weather, with considerable solar radia- 
tion falling on the building and a high outside air 
temperature, working conditions could well become 
intolerable. 

Some alleviation of conditions would doubtless 
have been possible by the use of radiation shields, 
and of fans so placed as to increase the air movement 
over the workers. Both of these methods would 
have caused some inconvenience and would have 
done nothing towards reducing the loss of heat 
from the furnaces. 


TABLE 4a 


RESULTS OF DETERMINATIONS OF BELDING-HATCH HEAT STRESS INDEX AND OBSERVED AND PREDICTED SWEAT 
REQUIREMENTS FOR SUBJECT | 


Average Average Average Aipeiiiile Predicted Observed 
Time Air Water Vapour Air M Re Belding-Hatch Sweat Sweat 
Temperature Pressure Speed ¢ F) Index Requirement Loss 
CF.) (mm./Hg) (ft./min.) . (g./hr.) (g./hr.) 
Day | 
-10 75-7 12-5 170 127 60 $90 580 
10.15-12.30 82:7 12 190 134 69 725 625 
1 - 84-7 12 210 132 66 725 470 
Day 2 
7 -3 78-4 11-5 130 118 61 560 635 
10.15-12.30 85-7 12 120 124 79 690 930 
-~4 80-8 13 160 122 605 560 
Day 3 
7 -10 81-3 14 155 118 575 650 
10.15-12.30 81-7 14-5 95 118 84 610 650 
1 -— 4.30 84-7 13-5 ; 140 125 77 680 690 
TABLE 4b 


RESULTS OF DETERMINATION OF BELDING-HATCH HEAT STRESS INDEX AND OBSERVED AND PREDICTED SWEAT 
REQUIREMENTS FOR SUBJECTS 2 AND 3 


Average Average Average : Predicted Observed Sweat 
Time Air Water Vapour Air Sweat Loss (g./hr.) 
Temperature Pressure S ( F) Requirement 
°F.) (mm./Hg) (ft./min.) . — (g./hr.) Subject 2. Subject 3 
Day | 
7 -10 72-5 12-5 85 129 93 660 560 745 
10.15—12.30 82:9 12 85 137 105 800 940 935 
1 - 43 81-5 12 100 131 89 725 780 930 
Day 2 
7 -1 78-3 11-5 95 116 70 565 710 690 
10.15—12.30 86-9 12 100 133 97 790 840 590 
— 4.30 87-4 13 145 123 76 690 775 740 
Day 3 
7 =i 83-3 14 75 112 86 580 500 650 
10.15—12.30 86:8 14-5 120 116 78 625 865 740 
-4 87-3 13-5 135 123 80 690 670 805 
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A notable example of the ameliorative effect of 
increased ventilation was seen in one foundry in 
which there was a row of furnaces used for melting 
a magiesium alloy. Dense fumes are emitted from 
molten magnesium, particularly when flux is added. 
Very lavish exhaust ventilation had been applied to 
the furnaces to remove the fumes, and as a result 
the total volume of air removed from the foundry 
was so great that the air temperature was little above 
that outside. Although the radiation intensity was 
similar to that in foundries where aluminium was 
melted, but where such lavish exhaust ventilation 
was not considered to be essential, the subjective 
impression was of a much more comfortable working 
environment. 

It has been shown during this study that it is 
possible in the design of equipment to exclude the 
sources of waste heat to a large extent, thereby 
achieving a much more efficient use of fuel. The 
capital cost of the reverberatory furnace referred to 
earlier compared favourably with that of the con- 
ventional type of bale-out furnace; the maintenance 
costs were much less because there was no crucible 
to be replaced regularly, and the fuel consumption 
was much reduced. It thus seems that the replace- 
ment of inefficient furnaces would result not only 
in better working conditions, but also in a con- 
siderable reduction of running costs. 


Summary 

A study has been made of the thermal environ- 
ment in positions typically occupied by foundrymen 
in non-ferrous foundries. 

Two groups of tasks were studied, one involving 
short exposures to intense heat, the other involving 
exposure to a hot environment continuously 
throughout the shift. Measurements are given of 
thermal radiation intensities during the short 
exposures to which the furnacemen were sub- 
jected when the furnace door was opened. In the 
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longer exposures, measurements are given for 
conventional oil-fired furnaces, a low-frequency 
induction electrical furnace, and a reverberatory 
oil-fired furnace. 

In order to assess the severity of heat stress im- 
posed upon die casters working near various types 
of bale-out furnaces, Belding-Hatch heat stress 
indices were calculated for three workers over three 
shifts. Attention is drawn to the limitations in- 
herent in this index. 

In one foundry, actual sweat losses of a small 
sample of the workers were measured and com- 
pared with the predicted rates of sweat loss. The 
observations showed that conditions in foundries, 
particularly where conventional oil- or gas-fired 
furnaces were used, were often such as to impose 
severe heat stress upon the workers. An example 
is given of the ameliorative effects of increased 
exhaust ventilation. 

Much less thermal radiation was produced by 
the reverberatory furnace than by conventional 
types of furnace. It is concluded that the replace- 
ment of the less efficient conventional furnaces 
would not only result in better working conditions, 
but also in a considerable reduction in running costs. 


The author wishes to express his indebtedness to 
Dr. T. Bedford, Director, M.R.C. Environmental 
Hygiene Research Unit, for permission to take part in 
this survey and for his continued interest and encourage- 
ment; to Mr. W. B. Lawrie, H.M. Engineering Inspector 
of Factories, for his valuable cooperation in planning 
the survey and in taking the observations; and to the 
many persons in the industry who, by their help, made 
the study possible. 
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GAMMA RADIOGRAPHY IN INDUSTRY 


BY 
J. P. W. HUGHES and O. SHAW 


From the North West, Merseyside, and North Wales Division of the Central Electricity Authority 
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The purpose of this paper is to describe the 
methods of using gamma radiography in testing 
boilers indestructively and the protection of persons 
exposed to radiation. Methods of detection and 
protection have been worked out in physics labora- 
tories, at the atomic research establishments, and in 
hospitals, and no new principles are added. But a 
new problem of protection arises in industry where 
conditions are continually altering so that safe pro- 
cedures are difficult to lay down in detail, and where 
the effects of overdosage are not immediately 
apparent, carelessness, foolhardiness, or common 
ignorance may cause disaster. Two examples of this 
will suffice. 

One member of the team, despite being an excel- 
lent member of staff and a sensible and reliable man 
in every other way, was, for some inexplicable 
reason, continually over-irradiated and had to be 
removed from the team. The other was an epileptic 
who was employed for some time before this was 
discovered; considerable agility, skill, and speed are 
necessary in placing sources within boilers and 
fortunately this patient was discovered before he had 
endangered himself or others. Both men are working 
admirably and happily in other situations in the 
Division. No cases of illness due to exposure or 
serious Overexposure occurred in the period under 
review. 

The use of x rays has been a familiar technique 
in the medical world for a long time and their appli- 
cation to metals and other structures in industry is 
also of fairly long standing. Radiography was, how- 
ever, not widely practised in industry until artificial 
isotopes became commercially available soon after 
World War II. These isotopes are produced in 
atomic piles in various parts of the country, and 
those which are readily available and suitable for 
metal radiography are cobalt®, iridium’, and 
tantalum!®?. 

One of the principal advantages offered by a 
source of one of these materials compared with an 
x-ray apparatus is its smallness. The large tubes, 


high tension leads, transformers, and other essential 
gear required for an x-ray apparatus are unnecessary 
and an artificial isotope can be conveniently used in 
small spaces. It has therefore become a practical 
proposition to anticipate metal failure in installed 
apparatus. 


Scope of the Tests 

The purpose of introducing radiography was to 
examine a large number of riveted drum boilers to 
detect any cracks which might be present between 
rivet holes. Experiments were carried out as early 
as 1950 to determine whether the available sources, 
films, and ancillary apparatus, were suitable for this 
purpose. The North Western Division acquired 
their first source in January, 1951 (cobalt® of 
460 mC strength), and so became a pioneer in this 
particular field of application. Later iridium’ was 
introduced because of its softer radiation.* 

Defects in boilers may be caused by metal fatigue 
or by a combined chemical attack and mechanical 
stress producing a condition termed “ caustic 
cracking ’’. It has been found that if the boiler water 
contains a certain proportion of caustic soda it will, 
at the temperature of operation of the plant, and 
with the mechanical and thermal stresses always 
present in boiler drum structures, produce very fine 
fissures along the grain boundaries of the metal; 
these may spread rapidly and increase in depth, 
chiefly along the planes of stress and may become 
serious enough to cause a boiler explosion. 

Other uses we have made of gamma radiography 
are for examining castings for porosity, cracks, 
shrinkage, and inclusions, and increasingly for the 
purpose of testing welds in high pressure pipework 
for satisfactory workmanship. 

Most boiler drums of the riveted type are made 
by bending a sheet of steel to the required shape and 
joining by means of “ butt straps”’ along the 


* The gamma energies given off by cobalt® are 1-17, 1:33 MeV. 
Those given off by iridium'* are 0-48, 0-60, 0-61 MeV, and others. 
Tantalum" gives off 1-22, 1-13, 0-22, 0-15 MeV, and lower energies. 
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Fic. 1.—Typical riveted drum showing the longitudinal ‘* double 
butt strap” joint (only one strap on the outside) and the cir- 
cumferentia! joint and access manhole. 


Fic. 2.—Portion of a circumferential seam showing fatigue cracking. 


Fic. 3.—Print from a radiograph of the portion illustrated in Fig. 2 
(rivets removed). 


Fic. 4.—Print from a radiograph of part of Fig. 5 (one rivet is in 
position). Note that definition of crack is less distinct under extra 
thickness of rivet head. 


Fic. 5.—Extensive cracking in a butt strap (after dismantling). 
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Fic. 6 Fic. 8 


Fic. 6.—The small items are, L to R: 6 mm. » 
6mm. capsule (to contain the “ fill” of 
radioactive material), the capsule clip; clip 
screw; “ bullet’ or source holder; and part 
of 3 ft-long handling rod. Behind is one of 
the containers for a small source and its lid. 
Note the isotope serial number marked on 
the container handle. 


Fic. 7.—Source container showing hinged nose 
open for taking one exposure on a longitu- 
dinal seam. 


Fic. 8.— Various types of source containers. The 
one on the extreme right has a hinged lid 
on the nose. 


4 Fic. 9.—Tripod shown in position for taking 
radiographs of a longitudinal seam (both 
sides simultaneously). 


Fic. 9 


Fic. 7 
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longitudinal joint, as shown in Fig. 1. The ends of 
the drum are covered with the end cap which is 
pierced by a manhole for access, and the cap is 
riveted to the shell, generally by a “ lap joint ”’. 

Both these circumferential and longitudinal joints 
may be affected by cracking from one rivet hole to 
the next, as shown in Figs. 2 and 4 and in the 
gamma-ray plates 3 and 5. This cracking invariably 
reaches danger point before it can be detected 
externally, and radiographs taken at suitable inter- 
vals therefore enable the defect to be detected before 
the danger level is exceeded. 


Apparatus Used 

Sources.—The activated isotope is contained in a 
capsule such as is shown in Fig. 6. There is a bayonet 
slot in the source holder for locking it in position in the 
container or the tripod boss. The capsule may be used 
_in a variety of lead-lined containers, some of which can 
be used to emit a cone of radiation through a hinged 
window as shown in Fig. 7. 


Containers.—Containers are calculated, measured, and 
certified fit to contain the radiation from a source of a 
certain strength, so that excessive radiation is not 
emitted from the outside surfaces. They are stored at a 
sufficient distance from personnel and films to avoid 
causing damage and they can be securely locked. 

Containers are handled as remotely as possible. A 
trolley with a long handle or a long pole carried by two 
people can be used. If they are required above floor 
level, a simple pulley arrangement considerably reduces 
the radiation dosage received by the operators. The 
source is handled by means of a long pole of special 
design, by a Bowden cable extension, or by a long pair 
of tongs. The screening effect of brick, concrete, lead, 
and girders is exploited to reduce the radiation received 
by the men. When transported by car or van, a strong 
fixture is used to enable the container to be firmly 
anchored, and temporary lead slabs can be inserted 
between the source and the passengers as an additional 
safeguard. Various containers are illustrated in Fig. 8. 


Films and Cassettes.—A range of types of films of 
proprietary make is available in various sizes, grades of 
speed, grain, and contrast. Generally, the lead screen 
technique is used. This uses the local scattering from the 
thickness cf 0-01 in. to 0-015 in. lead foil placed in close 
contact with the film to intensify the image formed. Fine 
grain films are always preferable owing to the small size 
of defect to be detected, and these are used even at the 
expense of long exposure times. Cassettes may be metal 
or flexible plastic envelopes which can be press-studded 
together to form a band or chain round the circum- 
ferential seam or a portion of the longitudinal seam of 
the boiler drum. 


Tripods.—Tripods are designed to hold a naked source 
in the centre of a boiler drum in order to take a pano- 
ramic radiograph of a circumferential seam using a band 
of up to 20 cassettes at one exposure. A tripod is shown 
in Fig. 9 and consists of three telescopic legs with screwed 
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Fic. 10.—Van containing complete radiographic outfit for site 
investigations. 


feet for fine adjustment and a central boss to hold the 
isotope. 

After development of the film various types of illu- 
minators have been used to enable a radiograph of any 
density to be satisfactorily scrutinized. Some radiographs 
are very dark and a viewing box of the type generally 
used in medical radiography is quite useless. 


Mobile Unit.—All the apparatus can be carried in a 
standard 2-ton van modified for the purpose as illus- 
trated in Fig. 10. The van has a lead-lined storage 
chamber for the isotopes and a dark room with a small 
developing unit and the tanks are fitted with water-tight 
lids. There is wiring for safelights, heaters, a drier, and 
an illuminator for viewing radiographs. This enables a 
complete examination and report to be made on the site 
in one visit. 


Method of Examination 
The source may be in its container using the hinged 
window (Fig. 7) or naked, for example, when a series 
of exposures is being made along a longitudinal seam 
(Fig. 9). 


Examples of Exposure Calculation 
The calculation of exposure time necessary is based on 
the following formula :— 


Drum thickness (drum radius)? 
Source strength 


A suitable film to give a satisfactory radiograph, a 
source to suit the thickness of the metal involved, and a 
chart (Fig. 11) to calculate the exact exposure time are 
required. 
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STEEL THICKNESS IN INCHES 


Fic. 11.—Typical exposure chart. 


The calculations made for two boiler drums were as 
follows :— 


Drum No. 1 Drum No. 2 
Seam Front circumferential Longitudinal 
Joint type Lap Double butt 
Plate thickness (in.) 2 at § in. each 3 at } in. each 
Source film distance (in.)| 19 in. 27 in. 
Film type Kodak Crystallex Kodak Crystallex 
Source Cobalt® 
Strength (curies) 5-5 | 1-5 
Exposure time (hours) 1-75 | 3-375 


As the source decays in time the exact strength at the 
time of a particular exposure must be calculated and a 
chart has been constructed for this purpose. In the case 
of drum No. | above, the source was taken as at 5-5 curies 
and since the “* half-life” of iridium is 70 days, then if a 
similar exposure were made 70 days later the source 


strength would be 2:75 curies and the exposure time 


3-5 hours. 
Film Density 

This is a measure of the light transmitted through a 

particular film, and is expressed as the logarithmic ratio 
light incident 

light transmitted 
to 2-0 is satisfactory, but it is common for radiographs 
of welds to be of a film density of over 2-0. To read these 
films a viewer with a 400 watt mercury vapour discharge 
lamp has been specially constructed. 


Safety Aspects 
Radiations from isotope sources are ionizing and 
this phenomenon offers a convenient method of 
measuring their intensity. The radiation monitor 


In general a film density of 1-7 
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shown in Fig. 12 enables the “ field strength ” from 
an isotope to be measured in any location, and takes 
into account the effect of such natural shields as 
concrete, brickwork, and steelwork so that the limits 
of dangerous dosage may be defined and their 
boundaries marked out with tape and notices. 

A divisional testing section consists of an engineer 
in charge, four staff engineers (or team leaders), and 
testing assistants. A team normally consists of one 
staff engineer and one or more testing assistants. 
Individuals are required to carry on their persons 
apparatus to estimate the dose received, particularly 
in the parts of the body likely to be most irradiated. 
It is often difficult to gain access to the flues, fire, 
and water spaces of a boiler to set up, operate, and 
dismantle radiographic apparatus so that it is rarely 
possible to make an accurate assessment of the dose 
likely to be received before any particular examina- 
tion is completed. It has been firmly laid down that 
there are acceptable dosage levels per unit time and 
that these must on no account be exceeded. In order 
to avoid overdosage the fountain-pen type of dosi- 
meter is used to give a continuous reading. This is a 
quartz fibre electroscope which is charged at regular 
intervals and discharged by the ionizing radiations 
from the source. It can be held up to the light and a 
direct reading taken at any time by the user to warn 
him whether he is approaching or has passed the 
level of safe dosage. 

In the North Western Division the practice is to 
carry one of these dosimeters in the breast pocket 
and to supplement this with two standard film 
badges, one on the lapel and one on the wrist. In 
practice, it has been found that the lapel film badges 
compare closely with the readings obtained from 
the dosimeter, but that the wrist badges, being 
nearer the source, in most cases show a definitely 
higher reading. Both types of meter are considered 
desirable: the first for immediate checks at any time 


Fic. 12.—-Radiation monitor being used to demarcate danger zone. 
Note the tripod just inside the manhole with source and handling 
rod in position; also the band of plastic cassettes linked together 
and covering this circumferential seam. 
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and the x-ray badges because they are assessed by 
independent persons and form a permanent record 
of dosage; they do not need charging and are, if 
worn at all, foolproof. 

In Government establishments at the time this 
work was undertaken, a reading of 0-5 r a week on 
the film badge was considered to be equivalent to 
0-3 r body radiation and this was officially accepted 
as the maximum permissible weekly dose. In such 
establishments dosage can be rigorously controlled 
and the chance of an accidental sudden overdosage 
when a man has already received somewhere near 
the maximum permissible dose is unlikely. In the 
conditions described in this paper, however, a chance 
accidental overdose is by no means unlikely and it 
was decided to make a film badge reading of 0-3 r 
the maximum permissible dose, and this figure 
is now accepted in Government establishments, not 
because the level has been lowered, but because the 
badge reading is now accepted as equivalent to the 
actual amount of radiation received; previously it 
was considered that back-scatter raised the reading 
artificially. 

A weekly limit of 0-3 r and a moving average of 
0-1 r per week over 13 weeks were laid down as 
maximum permissible doses for this work. The 
difficulty with maximum permissible doses is that 
they are usually assumed to be tolerance doses. By 
using the dosimeters individuals can assess their 
dosage and if they have reached 0-3 r they are auto- 
matically suspended from further exposure. It was 
decided that “ planned over-exposure *’ for certain 
categories of work should be agreed first by all 
concerned, including the medical department, but in 
practice it was found that over-exposures were 
unnecessary. The mounting evidence that when large 
exposures are made over a short period they cause 
greater body damage than when they are made over 
a longer period helped to curb enthusiasm for this 
type of project. 

The 13-week moving average of 0-1 r per week 
was introduced in order to emphasize the difference 
between maximum permissible dosage and tolerance 
dose, only the latter being acceptable, and rest was 
enforced until the moving average was below this 
figure; fortunately there was adequate ancillary 
work for individuals without the necessity for them 
to be exposed to continuing radiation. 

Medical opinion appears to be inclining more and 
more towards discarding routine blood counting 
but this is not yet fully understood by laymen. The 
first difficulty lies in the interpretation of individual 
counts since physiological variations and the results 
of minor infections produce such a broad band of 
““normal” that, unless a disaster occurred which 
would almost certainly be known, the count is useless 
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for individual guidance. *“* Safe ** dosages are those 
which do not produce physiological or pathological 
response and so such tests are pointless in those 
exposed to safe doses; where exposure has been 
excessive it can be checked by such means. 

The blood count has three useful purposes: first, 
to ascertain any blood dyscrasia before exposure, 
that is, for the rejection of the unfit; secondly, to 
act as a base-line for an individual, because a fall 
from high to intermediate counts is of greater 
significance than persistently low counts, and pro- 
gressive falls are more significant than isolated falls; 
and third, for assessment of damage after the agreed 
safe exposure has been exceeded, so that rest and 
blood transfusions may be ordered. On a group 
basis a fourth useful purpose may be mentioned, as 
counts classified as normal may show up group 
differences by a shift to higher or lower counts. The 
few men involved and variation in sources and 
exposure made it unrealistic to hope to gain any 
information by this means. The blood counts were, 
however, sent to the Christie Hospital, Manchester, 
for inclusion in their group readings. Since this 
hospital also undertook the interpretation of the 
film badges it was possible to relate dosage to the 
counts. 

Three initial blood counts were taken before 
exposure, as there was nearly always a drop in the 
count from the first to the second specimen, due to 
excess circulating adrenalin from some degree of 
tension at the first examination. If the second and 
third showed disparity further counts were made. 
It was pointed out to the team individually that, 
together with the above arguments and the delay 
between exposure and blood changes, there was no 
place for blood counts in the control of exposure; 
their use was confined to ascertaining fitness in the 
first place and treatment in the event of accidents. 
Blood counts were not repeated unless the 13-week 
moving average exceeded 0-1 r per week or the 
weekly exposure exceeded 0-3r per week. No 
detailed information of the blood count was given 
to the individual. 

It is arguable whether a court of law would 
consider that routine blood counts should be under- 
taken on all men however little they are exposed. 
Since idiopathic cases of leukaemia or other blood 
diseases may arise a haematological record is 
desirable but the chance of such a case in a group 
of this size after pre-employment normal counts is 
so slight as to be negligible. In large working groups 
the position is somewhat different. As the levels laid 
down for this work are considerably lower than the 
recommendations of the International Commission 
on Radiological Protection, it was considered that 
the employer’s responsibility to his workers was 
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fulfilled without subjecting them to routine blood 
counts which would be normal unless both the 
measurements of dosage employed failed or unless 
all a priori reasoning on this question was at fault. 

Apart from effects on the bone marrow the 
possibility of damage to gonads causing impaired 
fertility and to the lens of the eye causing cataract 
were considered. The lens is the most superficial 
organ (taken as 3mm. depth of tissue compared 
with bone marrow Scm.) and the eyes must be 
directed at the source. In view of this and the 
inadequacy of any direct eye protection from lead 
glasses it was all the more important to insist on 
small exposure, and the avoidance of looking 
towards the source unnecessarily. 

There are wide differences in workmen’s attitudes 
to radioactivity. Some are alarmed that “* a bomb” 
is in the work place at all, whereas others lack even 
elementary respect. Since only one of a row of 
boilers may have to be tested at any one time in this 
way, workmen occasionally needing to turn a valve 
of another boiler might have to enter the danger 
zone which had been monitored around the boiler 
being radiographed. In this event individuals were 
monitored in and out by members of the team in 
turn. This is safe practice but it raised some alarm 
in certain men who were concerned about the 
gonadal effect. There is some emotionally inspired 
muddled thinking on the difference between fertility 
and potency, and to combat this to some extent a 
record has been kept of the births of children to 
members of the team. No unusual findings were 
noted; three children have been born to members 
of the section in the last three years. 

It has already been mentioned that the wrist 
film badge recorded higher exposure than the lapel 
badge. Initial effects of radiation were therefore 
more likely to occur on the master hand, and the 
hands of the team were examined for cracking or 
fissuring of the nails, erythema of the nail beds, and 
obliteration of the finger-prints. After some 
reassurance finger-printing was willingly accepted 
and the two hands could, in this way, be conveniently 
compared. A particular difficulty in diagnosis in 
these cases is that young engineers always appear to 
have motor-cycles which need constant mechanical 
attention with consequent trauma to the hands. 
With approved dosages, however, no differences 
have so far been detected between one hand and the 
other in members of the team. 


General Safety Measures 
It was agreed that men employed on the team 
should not be under 18 or over 45 years of age and 
that the numbers employed and the hours worked 
should ensure minimal exposure of any individual. 
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Older men were excluded because they were not 
sufficiently agile and because they do not fit in very 
well socially in a young man’s team which may be 
together for days on end. These safety standards 
were to be based on “‘ maximum total man exposure” 
in the most difficult situations encountered in the 
field. For example, if experience showed that the 
complete examination of a certain piece of apparatus 
necessitated Ir of radiation in a week then 10 (or 
more) men should share the exposure. 

Each individual was given a thorough general 
medical examination and any mental, emotional, or 
physical disability likely to cause over-exposure 
resulted in rejection as unfit for this work. The 
team’s family doctors were informed that their 
patients were employed on this work and were kept 
informed of any over-exposures and abnormal 
medical findings. Four weeks’ annual holiday, taken 
in one period, was recommended but rarely imple- 
mented. 

A detailed record of sickness and accidents was 
kept to exclude the accident-prone individuals and 
to clarify doubtful sickness records. A chart of 
dosimeter and film badge readings for each indi- 
vidual was kept in the Medical Department and 
readings of both dosimeter and film badges were 
known to both engineers and the medical adviser. 
The team leader or his deputy, both authorized 
persons, were able to exclude men from radiation 
automatically without waiting for medical advice. 


Summary 
The methods of using gamma radiography in 
testing boilers indestructively in the North West 
Division of the Central Electricity Authority are 
described. An account is given of the protection of 
persons exposed to radiation. No cases of illness 
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due to exposure or serious Overexposure occurred 
in the period under review. The isotopes used were 
cobalt® and iridium'®*, the latter being more 
satisfactory on account of its softer radiation. 
Gamma radiography enables metal failure to be 
anticipated in installed apparatus and thus reduces 
the danger of boiler explosions. 

The methods of using the isotope sources within 
boiler drums are described and the principles of 
calculation of exposure times are given. 

The protection of individuals is undertaken by 
two methods of monitoring: (a) the wearing of a 
fountain-pen”’ type of dosimeter, and (b) the 
wearing of film badges on lapel and wrist. A weekly 
limit of 0-3 r and a moving average of 0-1 r per 
week over 13 weeks were laid down as maximum 
permissible doses for this work. The value of blood 
counts in assessing the exposure of individuals to 
radiation is discussed critically. 

A chart of dosimeter and film badge readings is 
maintained for each individual member of the team 
engaged on work on radioactive isotopes; this chart 
gives weekly exposures and a 13-week moving 
average of exposures experienced. 


Most of the medical detail was worked out in con- 
junction with Professor Lane and his staff in the Depart- 
ment of Occupational Health, Manchester University, 
and we also acknowledge with thanks help from many 
sources and in particular the constant help and advice 
of Mr. S. K. Stephenson, of the Christie Hospital and 
Holt Radium Institute, Manchester. We also wish to 


thank Mr. A. R. Cooper, Divisional Controller, and 
Mr. J. L. Ashworth, Chief Generation Engineer (Opera- 
tion), of the Central Electricity Authority, North West, 
Merseyside and North Wales Division, for their per- 
mission to use the photographs and the information 
herein. 


a 
% 


Brit. J. industr. Med., 1957, 14, 191. 


THE CORROSION OF METAL BY PALMAR SWEAT 
BY 
K. J. COLLINS 


From the Medical Research Council Unit for Research on Climate and Working Efficiency, Department of Human 
Anatomy, University Museum, Oxford 


(RECEIVED FOR PUBLICATION JANUARY 30, 1957) 


The problem of metal corrosion resulting from 
contamination by palmar sweat is common to many 
industrial occupations. Constant handling of metal 
parts by some individuals causes an accumulation 
of rust (Fig. 1). In the manufacture of highly- 
finished metal products, for example ball-bearings, 
and also in subsequent assembling and packing 
processes, serious consideration must be given to 
this effect. Frequently, operators are required to 
wear gloves during stages of manufacture involving 
the handling of metal. Where the nature of the work 
militates against the use of mechanical safeguards 
it is sometimes necessary to make preliminary tests 
in order to exclude individuals who are found to 
produce marked corrosion by handling. 

The corrosive nature of sweat has been known for 
some time (Yerbury, 1919; Huff, 1921) but few 
objective investigations on this subject have ap- 
peared. Tools cannot be protected by greasing 
unless all traces of sweat are first removed. Several 
cleansing agents for removing sweat residues have, 


Fic. 1.—Machine tool corroded by several days’ handling compared 
with specimen of unhandled mild steel. 
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however, been described (Beuerlein, 1941; Clarke 
and Longhurst, 1951; B.S. 1133 Packaging Code, 
Section 6, 1953; Eisler and Faigen, 1954). 

Rusting after contamination by sweat is a par- 
ticular example of atmospheric corrosion. Vernon 
(1935) made a careful study of factors which influence 
this type of corrosion and has shown that a freshly- 
polished metal surface is more susceptible to attack 
than a surface retaining its protective oxide film. 
Atmospheric corrosion is also influenced by the 
relative humidity of the environment to which the 
metal is exposed and by the presence of solid con- 
taminants, such as particles of salts. Urmeev (1941) 
suggested that the amount of corrosion on metal 
tools which have been contaminated by sweat 
depends on the sodium chloride content of sweat 
and on the humidity of the air but not on the 
presence of organic acids. 

Palmar (and plantar) sweat glands react primarily 
to mental or emotional stimuli (Kuno, 1956), and 
for this reason variations in palmar sweating are 
less predictable than sweating from other areas on 
the general body surface where the glands respond 
mostly to thermal stimuli. From experiments made 
in this laboratory it was apparent that the consider- 
able differences in corrosion produced by different 
subjects were related to the activity of the palmar 
sweat glands. The following description of the 
phenomenon in terms of physiological observations 
on the activity of palmar sweat glands and sweat 
composition may therefore be of value in assessing 
methods suitable for eliminating this effect in given 
circumstances. 


Methods and Materials 


Analysis and Preparation of Metal Specimens. 
Specimens used in palmar and finger print tests were 
2:0 2:0 cm., weighing approximately 2-5 g. each, 
and for spray tests 3-0 x 5-0 x 0-1 cm., weighing approxi- 
mately 11-0 g. each. All were cut from the same mild- 
steel sheet, an analysis of which resulted as follows: 
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Carbon = 07% 
Sulphur .. 006% 
Phosphorus .. .. 
Copper .. 006% 
Silica 


A standard procedure for preparing the metal speci- 
mens was used throughout and contamination by handling 
was avoided by means of greaseproof-paper and forceps. 

(a) Specimens were ground on a grit linisher. (6) The 
lines of the linisher were obliterated by rubbing by hand 
with Oakey No. | emery cloth and then with Oakey 
No. 0 emery cloth. (c) This was followed by two 
washings in A.R. benzene, swabbing meanwhile with 
cotton-wool. (d) After a third washing iin A.R. benzene 
the wet surfaces were wiped clean with filter-paper to 
remove emery residues. (e) All specimens were dried 
overnight in a vacuum desiccator before use. 


Exposure of Metal after Contamination.—Contami- 
nated specimens were placed in a sealed glass vessel for 
one week at a temperature of 25° C. and relative humidity 
of 87°, obtained by placing a saturated aqueous solution 
of sodium carbonate in the base of the vessel. Oxygen 
in the vessel was replenished by opening each day. The 
metal specimens were suspended inside the vessel 
between clean, thin glass rods. 

A high relative humidity was deliberately chosen in 
order to facilitate the measurement of corrosion on 
specimens. The amount of corrosion after exposure to 
lower humidities was often found to be negligible. At 
approximately 80° R.H. (the “secondary critical 
humidity ” for steel) there is a large increase in corrosion 
rate and this is accelerated by contaminants on the 
metal surface. 


Palmar Corrosion Tests.— Before these tests, the palms 
were carefully washed (a) for two to three min. under 
warm running water without soap, (+) for two to three 
min. in warm distilled water, (c) thoroughly dried by 
means of clean tissue. 

Palmar contamination tests were performed by placing 
a metal specimen, previously weighed on a micro- 
balance, lightly in contact with the proximal part of the 
thenar eminence of the palm for five min. Finger print 
contamination was measured also over five min. with 
light pressure on weighed specimens. The metal was 
then exposed for one week at 25°C. and 87% R.H., 
dried for 24 hours in a vacuum desiccator, and re- 
weighed on the microbalance. 

The increase in weight of the metal due to sebum and 
epithelial debris adhering to the surface was determined 
by drying a control specimen for 24 hr. in vacuo after 
contamination, and then re-weighing. 


Measurement of Sweat Rate and Skin pH.—Palmar 
sweat rates were determined for each subject immediately 
following contamination tests. A metal capsule, 15 sq.cm. 
in area, enclosing anhydrous calcium chloride in a gauze 
pad was placed in firm contact with the proximal! part 
of the thenar eminence for 10 min. The weight of 
sensible and insensible perspiration absorbed by the 
calcium chloride during this period was then obtained. 

The pH on the surface of the palm was measured by a 


method essentially similar to that described by Blank 
(1939) and Anderson (1951). The skin surface was 
prepared by cleaning with A.R. ethyl ether and then 
moistened with a thin film of 0-1°% NaCl solution at 
pH 5:0. A miniature sealed-glass electrode was placed in 
firm contact with the skin 1 cm. from a calomel reference 
electrode. About eight readings were taken on the mid- 
palm region using a Cambridge direct-reading pH meter 
with temperature adjustment to 30°C. A mean value 
for each subject was taken from the last four readings. 


Spray Tests.—The corrosive properties of aqueous 
solutions of known constituents of sweat were compared. 
Duplicate specimens (3 x 5 x 0-1 cm.) were used through- 
out. Each weighed specimen was supported vertically 
in a wooden frame mounted at the end of a tunnel and 
at exactly 40cm. from the nozzle of an “ aerograph ” 
spray. The edges of the metal were shielded by the 
wooden frame so that an area of 11 sq. cm. was exposed 
to the spray. Each side of the metal was sprayed hori- 
zontally for five sec. at a constant pressure of 35 Ib./sq.in. 

Immediately after spraying, specimens were placed in 
an environment maintained at 25° C. and 87% R.H. for 
one week. After this time they were removed, dried 
overnight in vacuo, and the gain in weight of each specimen 
determined by re-weighing. Weight loss was then 
measured by treating the specimen cathodically in 
10°% sodium cyanide solution at room temperature and 
at a current density of | amp/dm?. Removal of rust was 
completed in six min. for all specimens. After cathodic 
treatment, the metal was scrubbed with a fibre brush 
under cold running water. Then the metal was rinsed 
in hot water, dried by clean filter paper, and finally dried 
overnight in vacuo before re-weighing. 


Results 

Corrosion by Different Individuals.—Eight male 
subjects selected at random for preliminary experi- 
ments were asked to wear a rubber glove into each 
of which was inserted a small cylinder of degreased, 
polished mild steel. After one and a half hours, 
four of the subjects were found to have corroded 
the metal heavily and in addition had rust-stained 
hands, two produced slight tarnishing and two had 
a negligible effect. It appears that some individuals 
may handle degreased metal without having any 
effect while others produce heavy accumulations 
of rust. 

The amount of corrosion by palmar sweat from 
one subject was not constant but varied widely at 
different times, e.g., subject A in Table 1. Under 
the experimental conditions in contamination tests, 
corrosion proceeded rapidly on exposure of the 
metal to 25° C and 87% R.H. After exposure for 
one week, threads of corrosion product appeared to 
have spread from nuclei on the surface of the metal 
(Fig. 2), a phenomenon which has been described as 
filiform corrosion (Sharman, 1944). 

Of the four female subjects who were tested, two 
produced quite severe rusting and two had almost 
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TABLE | 


CORROSION OF MILD STEEL BY PALMAR AND 
FINGER-TIP SWEAT 


Weight of Corrosion 


Laboratory Palmar Product (ug) 
: (mg./cm?*/hr.) Finger 
Palm Print 
Af 20 22:7 61 948 335 
19 19-2 59 1,287 — 
19 16°8 59 517 — 
17:5 15-3 61 647 
17-5 14-4 60 202 
18 12:8 5-9 98 
B? 19-5 15-2 5-3 856 | — 
20 12-4 5-4 531 — 
C2 21 13-7 6.2 237 342 
20 11-4 6-0 58 — 
D3 20 12-4 5-5 189 — 
ES 19 9-8 5-6 92 145 
FS 22 8-8 59 54 — 
16 6-4 5-9 58 70 
G3 18 7:8 6-4 60 71 
Hs 19-5 7-2 6-0 19 82 
J3 19 6:2 5:8 24 72 
K+ 5-8 59 37 
L¢ 5-0 6°5 23 
M¢ 20 42 59 17 46 


A correction has been applied to the weights of corrosion products 
given in the last two columns by subtracting the weight of dry debris 
adhering to the metal after contamination. This was usually 
negligible at low palmar sweat rates increasing to approximately 
40 ug. at the highest sweat rates. 

Mean increase in weight of control specimens was 18 ug. 


no effect. There was no evident tendency for female 
subjects to produce more rusting than males by 
palmar contamination though no statistical com- 
parison could be made with so few subjects. 


(i) 
Fic. 2.—Mild steel specimens (2-0 cm*): 


Palmar Sweat Gland Activity.—The relationship 
between palmar sweat rate and the extent of cor- 
rosion of mild steel is shown in Fig. 3. The amounts 
of corrosion measured in these experiments after 
exposure to 87°, R.H. are, of course, greater than 
would be expected in most normal working en- 
vironments. 

The increment in weight of the specimen due to 
rusting is nevertheless slight when a palmar sweat 
rate as measured by the calcium chloride capsule 
method is low (4-10 mg/cm.?/hr.). When sweating 
increased so that the palmar sweat rate exceeded 
10 mg./cm.?/hr. corrosion became much more severe 
and fluctuations between individual values more 
marked. 

Fingerprints usually contaminated about 2 sq. cm. 
of the metal surface, whereas in palmar tests the 
entire surface on one side of the metal specimen 
(4 sq. cm.) was affected. However, in all cases with 
the exception of subject A (Table 1) the amount of 
corrosion from fingerprints exceeded that measured 
simultaneously from the thenar eminence of the 
same palm. 

Although palmar sweating is essentially ‘* mental” 
sweating, the amount of sweating and subsequent 
corrosion was invariably diminished at environ- 
mental temperatures lower than normal. The reduc- 
tion in palmar sweat rate was presumably the result 
of a reduction in skin temperature. 


(ii) 


(i) control; (ii) rusted specimen after palmar contamination (subject A) and exposure for one 


week to 25° C. and 87% R.H. 


; 
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sweating. The results in 

13005 e Table 2 show that the sodium 
chloride content of palmar 

1200- sweat can account for a high 
proportion of the corrosive 

Noo - action. Other inorganic sub- 
stances probably also take 

31000- some part in the electrolytic 
g - corrosion process but these 
are in much smaller concen- 
° tration than sodium and 

3 chloride. The mean concen- 
a eal tration of potassium in “ther- 
mal ** sweat is reported to be 

18mg.°% (Robinson and 
Robinson, 1954). Urea and 
haat lactic acid, which are nor- 
O e mally present in next highest 
500- concentration to sodium chlo- 

3 ride, each produce less than 
400-7 5% of the amount of corro- 
2 sion caused by an equal con- 
= 3004 centration of sodium chloride 
e (Table 2). In “ thermal” 

200- * sweat, Robinson and Robin- 
son (1954) quote values of 

1004 36 to 360 mg.% lactic acid 
and 32 to 196mg.°%, total 

Se nitrogen while Lobitz and 

2 14 18 20 22 24 Osterberg(1947b), and Lobitz 


2 4 8 10 2 14 16 
PALMAR SWEAT RATE (mg/cm*/hr) 


Composition of Palmar Sweat.—A comparison of 
the corrosive properties of constituents of palmar 
sweat has been made by spray tests (Table 2). 
Available data on the composition of palmar sweat 
is conflicting but the probable range of the most 
important constituents are included in the spray 
tests. Both gain in weight after corrosion and loss 
in weight following the removal of the corrosion 
product are measured. Loss in weight is probably 
the more reliable since it gives a direct measurement 
of the weight of metal corroded. 

Sweat is a hypotonic solution containing 0-5 to 
1° solids, the most important solute being sodium 
chloride. Darling (1948) found that the mean 
chloride content of palmar sweat was 108 mg. %%. 
(The sodium concentration in sweat of normal men 
is usually approximately the same as the chloride 
concentration.) On the other hand, the much- 
quoted results of Lobitz and Osterberg (1947a) give 
higher values for sodium chloride in palmar sweat 
with 385 mg. NaCl*, as mean value for “* profuse ”’ 
type of sweating, and 1,091 mg. NaCl, for the 


and Mason (1948a, b) have 

found mean values of 68 to 

275 mg. % urea, 8 to 26mg. %% 
ammonia nitrogen, and 0-5 to 1-3 mg.°%% creatinine 
in palmar sweat. 

The addition of lactic or butyric acids to a solu- 
tion of 500 mg.°, sodium chloride produced an 
increase in the amount of corrosion compared with 
that caused by the sodium chloride solution alone. 
When an emulsion of oleic acid in water was added 
to the sodium chloride solution, a smaller increase 
in corrosion as measured by weight loss was ob- 
served. This appears to be in agreement with the 
results of Smiatowski and Ostrowska (1954) who 
find that the extent to which stress corrosion 
cracking in steel is inhibited by fatty acids depends 
on the length of the hydrocarbon chain. 

it would be difficult to decide from the figures in 
Table | whether the amount of corrosion is also 
related to the pH of the surface aqueous layer of 
the palm because of the overwhelming effects 
of sweat-rate and the differences in salt content of 
sweat. The pH of the palmar surface of the sub- 
jects investigated was always on the acid side, 
ranging from 5-3 to 6°5 with a mean value of 5-9. 
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TABLE 2 


CORROSION OF MILD STEEL SPECIMENS BY 
VARIOUS SOLUTIONS (SPRAY TESTS) 


Mean Weight Loss 


| Mean Weight Gain | ‘or Specimens after 


Solution | of Specimens after 
: Removal of Cor- 
Corrosion (mg.) ‘rosion Product (mg.) 
Control (no spray) 0-09 (+.0-03) 0-27 (+0-04) 
Distilled water 0-25 (+0-05) 0-39 (+0-05) 
Sodium chloride— 
(100 mg. %) 10-85(+0-01) | 13-98(+0-46) 
(500 mg. %) 16°05 (+.0-70) 22-58 (+043) 
(1 g.%) 21-85 (+0-57) 28-39 ( £0-96) 
(2 g.%) 31-00 (+0°55) 37-93 (40-44 
Creatinine ( Smg.%) 0-27 (+0-01) 0-36 (4 0-01) 
Urea ( 50 mg. %) 0-34 (+0-05) 0-39 (+0-02) 
(100 mg. %) 0-50 ( + 0-08) 0-58 ( +007) 
Lactic acid ( 50 mg.%) 0-28 (+ 0-08) 0-47 (+0-08 
is (100 mg. %) 0-30 (+0-01) 0-37 (4 0-03) 
(400 mg. Ze) 0-38 (+ 0-04) 0-33 (4 
Butyric acid (100 mg. ° 0-41 (+0-05) 0-55 (+.0-04 
*Oleic acid (100 mg. 2) 0-47 (+. 0-04) 0-65 (+ 0-05) 
Sodium chloride— 
(500 mg. %) + lactic 
acid (100 mg. %) 17-69 ( +.0-79) 24-92 (4 0-92) 
(500 mg. %) + butyric 
acid (100 mg. %) 17-09 ( + 0-68) 24-78 (+ 1:03) 
*(500 mg. %) + oleic 
acid (100 mg. %) 15-47 (+0-20) 23-42 (+.0°81) 
+ Artificial sweat pH 5:2 17-68 ( 61) 26°02 ( + 0-90) 
+Artificial sweat pH 8-0 16°28 (4+.0-31) 24-38 ( +0-29) 


*Water emulsion. 
+ Artificial sweat solution: — 
Sodium chloride (S00 mg. %) 
Lactic acid (100 mg. %) 
Urea (100 mg. %) 
PH adjusted by ammonium hydroxide solution. 


This is in the range reported by other workers for 
the palm (Lobitz and Osterberg, 1945; Anderson, 
1951). Wide variations of pH, however, seem 
unlikely because of the buffering capacity of the 
palmar surface. An artificial sweat solution com- 
a of sodium chloride (500 me. %), urea (100 

%), and lactic acid (100 mg.®%%), was found to 
prcdine'e more at pH 5-2 than at pH 8-0 (Table 2). 
Eisler and Faigen (1954) also find that acidic 
synthetic fingerprint solutions produce greater 
corrosion than alkaline. 


Skin Surface and Effect of Barrier Creams.—The 
skin surface probably consists of a fine emulsion of 
an aqueous and a lipid phase. Although sebaceous 
glands are not present on the palm, sebum is almost 
certainly there as a result of contamination, for 
example, from the forehead. The presence of surface 
fats and long-chain fatty acids may inhibit corrosion 
by palmar sweat. A comparison was therefore made 
of the amount of corrosion on metal specimens 
caused (a) by the palmar surface retaining its fats 
and (b) by the opposite palm from which surface 
fats had been removed by A.R. ethyl ether. The 
lowering of the skin temperature after the applica- 
tion of ether probably inhibited sweating and so an 
interval of time was allowed before the tests for the 
skin temperature of both palms to equalize. It was 
found that at low palmar sweat rates more corrosion 
appeared to result from contact with the palmar 


surface from which the fats had been removed. At 
high palmar sweat rates, however, corrosion was 
equally marked from contact with both normal and 
defatted palms. 

Tests were also made to determine whether 
barrier creams could be used to reduce palmar 
sweat corrosion. Subjects were instructed to grip 
lightly, but with constant pressure, polished mild- 
steel cylinders which were placed in each hand for 
10min. Before the test an application of one of 
three barrier cream preparations was made to one 
hand, the other hand acting as a control. The 
preparations used were: (1) A greasy barrier cream 
with petroleum-jelly base; (2) a non-greasy oil-in- 
water emulsion barrier cream; (3) a silicone emulsion 
barrier cream. 

After the test, the steel cylinders were kept at 
laboratory temperature for 24 hours and then care- 
fully cleaned with A.R. benzene. Subjects with low 
palmar sweat rates produced slight corrosion of the 
metal and this was prevented by application of any 
one of the barrier creams. However, at high palmar 
sweat rates corrosion could be effectively reduced 
but not eliminated, preparations (1) and (3) being 
the most efficient. 


Prevention of Corrosion by Palmar Sweat 

No completely satisfactory method for preventing 
corrosion by palmar sweat is in general use though 
in particular circumstances some methods or com- 
bination of methods have been used effectively. 
Petroleum or chlorinated solvents will not remove 
water-soluble sweat contaminants. It is possible to 
remove sweat residues from metal surfaces by 95°, 
methanol in water, oil-in-water emulsions, or 
aqueous alkaline cleaning processes (B.S. 1133 
Packaging Code, 1953). Sweat must, however, be 
removed at once because atmospheric corrosion 
rapidly takes place. Corrosion by salts deposited 
on the bare metal will still occur under oil if oil is 
applied after contamination (Huff, 1921). 

Simple precautions are usually taken in order to 
avoid contact with degreased metal, for example, 
by the use of gloves or handling with forceps. These 
expedients prevent corrosion but are impracticable 
in occupations where they may interfere with 
operations. Impervious rubber or P.V.C. gloves if 
worn for long periods may produce auto-maceration 
of the skin by sweat held inside the glove. Barrier 
creams certainly allow freedom of manipulation but 
the efficiency of these preparations is reduced by 
friction and the necessity for re-application. In our 
experience the greasy or silicone preparations appear 
to be the most effective but even these do not 
completely eliminate corrosion in the case of 
hyperhidrotic individuals with whom the most 
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Fic. 3.—The relation between palmar sweat-rate and corrosion of mild steel after exposure of 
specimens to 25° C. and 87% R.H. for one week following contamination. 
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‘intermittent’ type of 
sweating. The results in 
e Table 2 show that the sodium 
chloride content of palmar 
sweat can account for a high 
proportion of the corrosive 
action. Other inorganic sub- 
stances probably also take 
some part in the electrolytic 
corrosion process but these 
are in much smaller concen- 
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chloride. The mean concen- 
tration of potassium in “‘ther- 
mal *’ sweat is reported to be 
18mg.°% (Robinson and 
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mally present in next highest 
concentration to sodium chlo- 
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Composition of Palmar Sweat.—A comparison of 
the corrosive properties of constituents of palmar 
sweat has been made by spray tests (Table 2). 
Available data on the composition of palmar sweat 
is conflicting but the probable range of the most 
important constituents are included in the spray 
tests. Both gain in weight after corrosion and loss 
in weight following the removal of the corrosion 
product are measured. Loss in weight is probably 
the more reliable since it gives a direct measurement 
of the weight of metal corroded. 

Sweat is a hypotonic solution containing 0-5 to 
1° solids, the most important solute being sodium 
chloride. Darling (1948) found that the mean 
chloride content of palmar sweat was 108 mg. %. 
(The sodium concentration in sweat of normal men 
is usually approximately the same as the chloride 
concentration.) On the other hand, the much- 
quoted results of Lobitz and Osterberg (1947a) give 
higher values for sodium chloride in palmar sweat 
with 385 mg. NaCl as mean value for “ profuse 
type of sweating, and 1,091 mg. NaCl°, for the 


Osterberg (1947b), and Lobitz 
and Mason (1948a, b) have 
found mean values of 68 to 
275 mg. % urea, 8 to 26mg. % 
ammonia nitrogen, and 0-5 to 1-3 mg. creatinine 
in palmar sweat. 

The addition of lactic or butyric acids to a solu- 
tion of 500 mg.°% sodium chloride produced an 
increase in the amount of corrosion compared with 
that caused by the sodium chloride solution alone. 
When an emulsion of oleic acid in water was added 
to the sodium chloride solution, a smaller increase 
in corrosion as measured by weight loss was ob- 
served. This appears to be in agreement with the 
results of Smiatowski and Ostrowska (1954) who 
find that the extent to which stress corrosion 
cracking in steel is inhibited by fatty acids depends 
on the length of the hydrocarbon chain. 

It would be difficult to decide from the figures in 
Table 1 whether the amount of corrosion is also 
related to the pH of the surface aqueous layer of 
the palm because of the overwhelming effects 
of sweat-rate and the differences in salt content of 
sweat. The pH of the palmar surface of the sub- 
jects investigated was always on the acid side, 
ranging from 5-3 to 6°5 with a mean value of 5:9. 
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TABLE 2 


CORROSION OF MILD STEEL SPECIMENS BY 
VARIOUS SOLUTIONS (SPRAY TESTS) 


| Mean Weight Gain | Mean Weight Loss 


: of Specimens after 
of Specimens after of 


'rosion Product (mg.) 


Solution 
Corrosion (mg.) 


Control (no spray) 0-09 (+ 0-03) 0-27 (+0-04) 
Distilled water 0-25 (+0-05) 0-39 (+.0-05) 
Sodium chloride— 
(100 mg. %) 10-85 (+ 0-01) 13-98 ( +. 0-46) 
(500 mg. %) 16-05 (+0-70) 22-58 (+0-43) 
(1 g.%) 21-85 (+ 0-57) 28-39 (+.0-96) 
(2 g.%) 31-00 (+0-55) 37-93 (+.0-44) 
Creatinine ( 5 mg.%) 0-27 (+0-01) 0-36 (+0-01) 
Urea ( 50 mg. % 0-34 (+0-05) 0-39 (+.0-02) 
(100 mg. %) 0-50 ( +0-08) 0-58 (+0-07) 
Lactic acid ( 50 mg.% 0-28 (+0-08) 0-47 (+.0-08) 
(100 mg. %) 0-30 (+0-01) 0-37 (+0-03) 
(400 mg. % 0-38 (+ 0-04) 0-33 (+0-05) 
Butyric acid (100 mg. %) 0-41 (40-05) 0-55 (+0-04) 
*Oleic acid (100 mg.%) 0-47 (+.0-04) 0-65 (+0-05) 
Sodium chloride— 
(500 mg. %) + lactic 
acid (100 mg. %) 17-69 ( +.0-79) 24-92 (+ 0-92) 
(500 mg.%) + butyric 
acid (100 mg. %) 17-09 ( + 0-68) 24-78 (+ 1-03) 
*(500 mg. %) + oleic 
acid (100 mg. %) 15-47 (40-20) 23-42 (+0°81) 
+Artificial sweat pH 5-2 17-68 (40-61) 26:02 (+ 0-90) 
+Artificial sweat pH 8-0 16-28 (4.031) 24-38 (+.0-29) 


*Water emulsion. 
+ Artificial sweat solution: — 
Sodium chloride (500 mg. %) 
Lactic acid (100 mg. %) 
Urea (100 mg. %) 
PH adjusted by ammonium hydroxide solution. 


This is in the range reported by other workers for 
the palm (Lobitz and Osterberg, 1945; Anderson, 
1951). Wide variations of pH, however, seem 
unlikely because of the buffering capacity of the 
palmar surface. An artificial sweat solution com- 
posed of sodium chloride (500 mg.°%,), urea (100 
mg. %), and lactic acid (100 mg.°%), was found to 
corrode more at pH 5:2 than at pH 8-0 (Table 2). 
Eisler and Faigen (1954) also find that acidic 
synthetic fingerprint solutions produce greater 
corrosion than alkaline. 


Skin Surface and Effect of Barrier Creams.—The 
skin surface probably consists of a fine emulsion of 
an aqueous and a lipid phase. Although sebaceous 
glands are not present on the palm, sebum is almost 
certainly there as a result of contamination, for 
example, from the forehead. The presence of surface 
fats and long-chain fatty acids may inhibit corrosion 
by palmar sweat. A comparison was therefore made 
of the amount of corrosion on metal specimens 
caused (a) by the palmar surface retaining its fats 
and (b) by the opposite palm from which surface 
fats had been removed by A.R. ethyl ether. The 
lowering of the skin temperature after the applica- 
tion of ether probably inhibited sweating and so an 
interval of time was allowed before the tests for the 
skin temperature of both palms to equalize. It was 
found that at low palmar sweat rates more corrosion 
appeared to result from contact with the palmar 


surface from which the fats had been removed. At 
high palmar sweat rates, however, corrosion was 
equally marked from contact with both normal and 
** defatted palms. 

Tests were also made to determine whether 
barrier creams could be used to reduce palmar 
sweat corrosion. Subjects were instructed to grip 
lightly, but with constant pressure, polished mild- 
steel cylinders which were placed in each hand for 
10min. Before the test an application of one of 
three barrier cream preparations was made to one 
hand, the other hand acting as a control. The 
preparations used were: (1) A greasy barrier cream 
with petroleum-jelly base; (2) a non-greasy oil-in- 
water emulsion barrier cream; (3) a silicone emulsion 
barrier cream. 

After the test, the steel cylinders were kept at 
laboratory temperature for 24 hours and then care- 
fully cleaned with A.R. benzene. Subjects with low 
palmar sweat rates produced slight corrosion of the 
metal and this was prevented by application of any 
one of the barrier creams. However, at high palmar 
sweat rates corrosion could be effectively reduced 
but not eliminated, preparations (1) and (3) being 
the most efficient. 


Prevention of Corrosion by Palmar Sweat 

No completely satisfactory method for preventing 
corrosion by palmar sweat is in general use though 
in particular circumstances some methods or com- 
bination of methods have been used effectively. 
Petroleum or chlorinated solvents will not remove 
water-soluble sweat contaminants. It is possible to 
remove sweat residues from metal surfaces by 95°, 
methanol in water, oil-in-water emulsions, or 
aqueous alkaline cleaning processes (B.S. 1133 
Packaging Code, 1953). Sweat must, however, be 
removed at once because atmospheric corrosion 
rapidly takes place. Corrosion by salts deposited 
on the bare metal will still occur under oil if oil is 
applied after contamination (Huff, 1921). 

Simple precautions are usually taken in order to 
avoid contact with degreased metal, for example, 
by the use of gloves or handling with forceps. These 
expedients prevent corrosion but are impracticable 
in occupations where they may interfere with 
operations. Impervious rubber or P.V.C. gloves if 
worn for long periods may produce auto-maceration 
of the skin by sweat held inside the glove. Barrier 
creams certainly allow freedom of manipulation but 
the efficiency of these preparations is reduced by 
friction and the necessity for re-application. In our 
experience the greasy or silicone preparations appear 
to be the most effective but even these do not 
completely eliminate corrosion in the case of 
hyperhidrotic individuals with whom the most 
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troublesome effects occur. Chemical substances 
which suppress local hyperhidrosis, e.g., Zn or 
Al salts, are unsuitable for regular use since they 
frequently cause skin irritation, especially with those 
who have an acquired sensitivity. Kuno (1956) 
describes the anti-sudorific effect of 7 to 10% 
formaldehyde which, iontophorized for 5 to 10 min., 
produces local anhidrosis which lasts from 4 to 
18 days. Formaldehyde, however, is a notorious skin 
sensitizer and its occasional use in industry, e.g., aS 
a preservative in adhesives, has led to serious out- 
breaks of dermatitis. The toxic action which this 
treatment may have on the skin is a serious dis- 
advantage although it is claimed that the method 
can be used on the palms or soles without damage. 


Discussion 

The differences displayed by individuals in the 
corrosive effect of palmar contact with metal can 
largely be explained in terms of the physiological 
characteristics of palmar sweating, the most im- 
portant single factor probably being the amount of 
sweat produced. 

Secretion of sweat from the palms (and soles) 
takes place continuously. Sweat glands are present 
most densely in these regions and insensible per- 
spiration exceeds that from other areas on the 
general body surface (Kuno, 1956). Palmar sweating 
is provoked by emotion, uneasiness, or moderate 
pain. The activity of palmar sweat glands depends 
therefore to a great extent on the temperament 
of the subject and this is probably the main reason 
for the individual differences in corrosion. The 
palms of most people are usually dry, but small 
increases in sweating can be evoked by moderate 
mental stimulation. Some individuals appear to 
have moist palms and others produce abnormal 
amounts of sweat amounting to hyperhidrosis. 
When metal is handled by a hyperhidrotic subject 
severe corrosion ensues, e.g., in subject A. Kuno 
(1956) has shown that the protuberant regions of the 
palm, and particularly the finger-tips, sweat more 
profusely than the central part of the palm. Conse- 
quently finger print corrosion is usually more severe 
than that due to contamination by the palm itself 
(Table 1). These regional differences in surface 
sweat production are not found in hyperhidrotic 
states where sweat appears all over the palms. Finger 
print corrosion by subject A was therefore less than 
that from the palm because a smaller area was con- 
taminated. 

Enquiry from a number of industrial organizations 
has revealed that sweat from female employees is 
regarded as being more corrosive than that from 
males. This sex difference may possibly be due to 
differences in the emotional state of the employees. 
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In Table |, where only a few subjects were examined, 
there is no clear distinction between sexes. How- 
ever, MacKinnon (1954) has investigated the varia- 
tions in the number of active palmar digital sweat 
glands during the human menstrual cycle and found 
a Statistically significant decrease in the number of 
active glands during the luteal phase of the men- 
strual cycle. It may be inferred therefore that 
during the luteal phase female operators who handle 
metal will cause less corrosion than during the 
follicular phase of the menstrual cycle. 

The activity of palmar sweat glands is influenced 
by environmental temperatures though this may not 
be due to direct thermal stimulation. At low tem- 
peratures, mental stimuli no longer cause an increase 
in palmar sweating (Kuno, 1956) and in the present 
experiments sweating was found to be partially 
inhibited at low laboratory temperatures. In hot 
environments, a decrease in the activity of palmar 
sweat glands has also been observed (Darling, 1948; 
Randall and Hertzmann, 1953; Hellon and Lind, 
1956), although Kuno (1956) has reported that the 
activity of the glands did not decline in the heat but 
that mental stimulation in the heat did not increase 
palmar sweating. MacKinnon and MacKinnon 
(1956) have found that “ basal palmar sweating ~ 
in female subjects decreased in summer although 
body temperatures in summer were higher than in 
winter. Palmar sweating may therefore be inhibited 
in extreme environmental temperatures by reduction 
of skin temperature in the cold and possibly by a 
decrease in “tonic”’’ mental stimulation of the 
glands in heat. It is very likely, however, that the 
corrosion hazard in hot environments is increased 
because of ** thermal ** sweat from the arm spreading 
to the palm. 

Most of the corrosive properties of sweat can be 
attributed to the sodium chloride content, the con- 
centration of which may be extremely variable. A 
majority of investigators have found, at least for 
thermal sweat, that the chloride concentration varies 
directly with the rate of sweating (Robinson and 
Robinson, 1954). This relationship may, however, 
be secondary to the effect of skin temperature 
(Robinson, Gerking, Turrell, and Kincaid, 1950: 
Weiner and van Heyningen, 1952a) which in turn is 
largely dependent on environmental temperature. 
Darling (1948) found that the chloride content of 
palmar sweat is increased with a rise in skin tem- 
perature although there was no increase in sweat 
production. On the other hand, Lobitz and Oster- 
berg (1947a) observed low concentrations of chloride 
in profuse palmar sweating and higher values in 
scanty intermittent sweating. If palmar sweat 


sodium chloride concentration increases with sweat 
rate and/or skin temperature as in “ thermal” 


: 
a 
4 


$ 


CORROSION OF METAL BY PALMAR SWEAT 


sweating, then individuals with high sweat rates will 
cause more corrosion also by virtue of higher salt 
concentration. This may partly explain the large 
increases in corrosion at high sweat rates shown 
in Fig. 3. 

Since it is likely that the salt concentration of 
palmar sweat is an important factor in determining 
the extent of corrosion, differences in the nutritional 
state of individuals may also be related to this effect. 
Although Darling (1948) found no increase in 
palmar sweat chloride by increasing salt intake, there 
is evidence that salt restriction can lower the sweat 
chloride level, at least under conditions of heavy 
(thermal) sweating (Hancock, Whitehouse, and 
Haldane, 1929; McCance, 1938; Weiner and van 
Heyningen, 1952b). 

The results presented in Table 2 suggest that 
components other than sodium chloride produce in 
comparison very little corrosion, although it is 
difficult to assess total corrosion by sweat in terms 
of its separate constituents. There is, however, some 
indication that artificial sweat solutions with high 
PH corrode less than those with low pH. At equal 
sweat rates it might be expected that “ thermal ° 
sweat from males would corrode more than that 
from females because of higher sodium chloride 
concentration (McSwiney, 1934; Robinson and 
Robinson, 1954; Davies and Clark, 1950) and 
lower pH (McSwiney, 1934; Blank, 1939; Thurmon 
and Ottenstein, 1952). 


Summary 

The extent of corrosion of mild steel produced by 
palmar contamination from a number of subjects 
was compared. There was a variation in this effect 
both from person to person and with the same 
individual at different times and this was related to 
i differences in palmar sweat rates. Finger print 
: contamination produced more corrosion than that 
from the palmar surface. 

Corrosion by sweat is mainly due to the sodium 
chloride content, the concentration of which prob- 
ably increases with palmar sweat rate. Other sweat 


197 


constituents produce comparatively little corrosion. 
Methods available for reducing the corrosive 
effect are discussed. 


For advice concerning the corrosion aspects of this 
work I wish to thank Dr. J. C. Hudson, of the Corrosion 
Advice Bureau, and Mr. E. LI. Evans, of the Chemical 
Research Laboratories, Teddington. I am also indebted 
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troublesome effects occur. Chemical substances 
which suppress local hyperhidrosis, e.g., Zn or 
Al salts, are unsuitable for regular use since they 
frequently cause skin irritation, especially with those 
who have an acquired sensitivity. Kuno (1956) 
describes the anti-sudorific effect of 7 to 10% 
formaldehyde which, iontophorized for 5 to 10 min., 
produces local anhidrosis which lasts from 4 to 
18 days. Formaldehyde, however, is a notorious skin 
sensitizer and its occasional use in industry, e.g., as 
a preservative in adhesives, has led to serious out- 
breaks of dermatitis. The toxic action which this 
treatment may have on the skin is a serious dis- 
advantage although it is claimed that the method 
can be used on the palms or soles without damage. 


Discussion 

The differences displayed by individuals in the 
corrosive effect of palmar contact with metal can 
largely be explained in terms of the physiological 
characteristics of palmar sweating, the most im- 
portant single factor probably being the amount of 
sweat produced. 

Secretion of sweat from the palms (and soles) 
takes place continuously. Sweat glands are present 
most densely in these regions and insensible per- 
spiration exceeds that from other areas on the 
general body surface (Kuno, 1956). Palmar sweating 
is provoked by emotion, uneasiness, or moderate 
pain. The activity of palmar sweat glands depends 
therefore to a great extent on the temperament 
of the subject and this is probably the main reason 
for the individual differences in corrosion. The 
palms of most people are usually dry, but small 
increases in sweating can be evoked by moderate 
mental stimulation. Some individuals appear to 
have moist palms and others produce abnormal 
amounts of sweat amounting to hyperhidrosis. 
When metal is handled by a hyperhidrotic subject 
severe corrosion ensues, e.g., in subject A. Kuno 
(1956) has shown that the protuberant regions of the 
palm, and particularly the finger-tips, sweat more 
profusely than the central part of the palm. Conse- 
quently finger print corrosion is usually more severe 
than that due to contamination by the palm itself 
(Table 1). These regional differences in surface 
sweat production are not found in hyperhidrotic 
states where sweat appears all over the palms. Finger 
print corrosion by subject A was therefore less than 
that from the palm because a smaller area was con- 
taminated. 

Enquiry from a number of industrial organizations 
has revealed that sweat from female employees is 
regarded as being more corrosive than that from 
males. This sex difference may possibly be due to 
differences in the emotional state of the employees. 


In Table 1, where only a few subjects were examined, 
there is no clear distinction between sexes. How- 
ever, MacKinnon (1954) has investigated the varia- 
tions in the number of active palmar digital sweat 
glands during the human menstrual cycle and found 
a Statistically significant decrease in the number of 
active glands during the luteal phase of the men- 
strual cycle. It may be inferred therefore that 
during the luteal phase female operators who handle 
metal will cause less corrosion than during the 
follicular phase of the menstrual cycle. 

The activity of palmar sweat glands is influenced 
by environmental temperatures though this may not 
be due to direct thermal stimulation. At low tem- 
peratures, mental stimuli no longer cause an increase 
in palmar sweating (Kuno, 1956) and in the present 
experiments sweating was found to be partially 
inhibited at low laboratory temperatures. In hot 
environments, a decrease in the activity of palmar 
sweat glands has also been observed (Darling, 1948; 
Randall and Hertzmann, 1953; Hellon and Lind, 
1956), although Kuno (1956) has reported that the 
activity of the glands did not decline in the heat but 
that mental stimulation in the heat did not increase 
palmar sweating. MacKinnon and MacKinnon 
(1956) have found that “ basal palmar sweating ~ 
in female subjects decreased in summer although 
body temperatures in summer were higher than in 
winter. Palmar sweating may therefore be inhibited 
in extreme environmental temperatures by reduction 
of skin temperature in the cold and possibly by a 
decrease in “tonic”? mental stimulation of the 
glands in heat. It is very likely, however, that the 
corrosion hazard in hot environments is increased 
because of ** thermal ** sweat from the arm spreading 
to the palm. 

Most of the corrosive properties of sweat can be 
attributed to the sodium chloride content, the con- 
centration of which may be extremely variable. A 
majority of investigators have found, at least for 
thermal sweat, that the chloride concentration varies 
directly with the rate of sweating (Robinson and 
Robinson, 1954). This relationship may, however, 
be secondary to the effect of skin temperature 
(Robinson, Gerking, Turrell, and Kincaid, 1950: 
Weiner and van Heyningen, 1952a) which in turn is 
largely dependent on environmental temperature. 
Darling (1948) found that the chloride content of 
palmar sweat is increased with a rise in skin tem- 
perature although there was no increase in sweat 
production. On the other hand, Lobitz and Oster- 
berg (1947a) observed low concentrations of chloride 
in profuse palmar sweating and higher values in 
scanty intermittent sweating. If palmar sweat 
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sweating, then individuals with high sweat rates will 
cause more corrosion also by virtue of higher salt 
concentration. This may partly explain the large 
increases in corrosion at high sweat rates shown 
in Fig. 3. 

Since it is likely that the salt concentration of 
palmar sweat is an important factor in determining 
the extent of corrosion, differences in the nutritional 
state of individuals may also be related to this effect. 
Although Darling (1948) found no increase in 
palmar sweat chloride by increasing salt intake, there 
is evidence that salt restriction can lower the sweat 
chloride level, at least under conditions of heavy 
(thermal) sweating (Hancock, Whitehouse, and 
Haldane, 1929; McCance, 1938; Weiner and van 
Heyningen, 1952b). 

The results presented in Table 2 suggest that 
components other than sodium chloride produce in 
comparison very little corrosion, although it is 
difficult to assess total corrosion by sweat in terms 
of its separate constituents. There is, however, some 
indication that artificial sweat solutions with high 
PH corrode less than those with low pH. At equal 
sweat rates it might be expected that ‘ thermal ” 
sweat from males would corrode more than that 
from females because of higher sodium chloride 
concentration (McSwiney, 1934; Robinson and 
Robinson, 1954; Davies and Clark, 1950) and 
lower pH (McSwiney, 1934; Blank, 1939; Thurmon 
and Ottenstein, 1952). 


Summary 

The extent of corrosion of mild steel produced by 
palmar contamination from a number of subjects 
was compared. There was a variation in this effect 
both from person to person and with the same 
individual at different times and this was related to 
differences in palmar sweat rates. Finger print 
contamination produced more corrosion than that 
from the palmar surface. 

Corrosion by sweat is mainly due to the sodium 
chloride content, the concentration of which prob- 
ably increases with palmar sweat rate. Other sweat 


constituents produce comparatively little corrosion. 
Methods available for reducing the corrosive 
effect are discussed. 


For advice concerning the corrosion aspects of this 
work I wish to thank Dr. J. C. Hudson, of the Corrosion 
Advice Bureau, and Mr. E. LI. Evans, of the Chemical 
Research Laboratories, Teddington. I am also indebted 
to the Pressed Steel Co. Ltd. for a specimen analysis of 
the steel and to Messrs. Rozalex Ltd. for generously 
supplying barrier cream preparations. 

I gratefully acknowledge the helpful suggestions of 
Dr. J. S. Weiner, the considerable technical assistance 
given by Mr. J. O. C. Willson, and the cooperation of 
members of the Department of Anatomy, Oxford, who 
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troublesome effects occur. Chemical substances 
which suppress local hyperhidrosis, e.g., Zn or 
Al salts, are unsuitable for regular use since they 
frequently cause skin irritation, especially with those 
who have an acquired sensitivity. Kuno (1956) 
describes the anti-sudorific effect of 7 to 10% 
formaldehyde which, iontophorized for 5 to 10 min., 
produces local anhidrosis which lasts from 4 to 
18 days. Formaldehyde, however, is a notorious skin 
sensitizer and its occasional use in industry, e.g., as 
a preservative in adhesives, has led to serious out- 
breaks of dermatitis. The toxic action which this 
treatment may have on the skin is a serious dis- 
advantage although it is claimed that the method 
can be used on the palms or soles without damage. 


Discussion 

The differences displayed by individuals in the 
corrosive effect of palmar contact with metal can 
largely be explained in terms of the physiological 
characteristics of palmar sweating, the most im- 
portant single factor probably being the amount of 
sweat produced. 

Secretion of sweat from the palms (and soles) 
takes place continuously. Sweat glands are present 
most densely in these regions and insensible per- 
spiration exceeds that from other areas on the 
general body surface (Kuno, 1956). Palmar sweating 
is provoked by emotion, uneasiness, or moderate 
pain. The activity of palmar sweat glands depends 
therefore to a great extent on the temperament 
of the subject and this is probably the main reason 
for the individual differences in corrosion. The 
palms of most people are usually dry, but small 
increases in sweating can be evoked by moderate 
mental stimulation. Some individuals appear to 
have moist palms and others produce abnormal 
amounts of sweat amounting to hyperhidrosis. 
When metal is handled by a hyperhidrotic subject 
severe corrosion ensues, e.g., in subject A. Kuno 
(1956) has shown that the protuberant regions of the 
palm, and particularly the finger-tips, sweat more 
profusely than the central part of the palm. Conse- 
quently finger print corrosion is usually more severe 
than that due to contamination by the palm itself 
(Table 1). These regional differences in surface 
sweat production are not found in hyperhidrotic 
states where sweat appears all over the palms. Finger 
print corrosion by subject A was therefore less than 
that from the palm because a smaller area was con- 
taminated. 

Enquiry from a number of industrial organizations 
has revealed that sweat from female employees is 
regarded as being more corrosive than that from 
males. This sex difference may possibly be due to 
differences in the emotional state of the employees. 


In Table 1, where only a few subjects were examined, 
there is no clear distinction between sexes. How- 
ever, MacKinnon (1954) has investigated the varia- 
tions in the number of active palmar digital sweat 
glands during the human menstrual cycle and found 
a Statistically significant decrease in the number of 
active glands during the luteal phase of the men- 
strual cycle. It may be inferred therefore that 
during the luteal phase female operators who handle 
metal will cause less corrosion than during the 
follicular phase of the menstrual cycle. 

The activity of palmar sweat glands is influenced 
by environmental temperatures though this may not 
be due to direct thermal stimulation. At low tem- 
peratures, mental stimuli no longer cause an increase 
in palmar sweating (Kuno, 1956) and in the present 
experiments sweating was found to be partially 
inhibited at low laboratory temperatures. In hot 
environments, a decrease in the activity of palmar 
sweat glands has also been observed (Darling, 1948; 
Randall and Hertzmann, 1953; Hellon and Lind, 
1956), although Kuno (1956) has reported that the 
activity of the giands did not decline in the heat but 
that mental stimulation in the heat did not increase 
palmar sweating. MacKinnon and MacKinnon 
(1956) have found that “ basal palmar sweating 
in female subjects decreased in summer although 
body temperatures in summer were higher than in 
winter. Palmar sweating may therefore be inhibited 
in extreme environmental temperatures by reduction 
of skin temperature in the cold and possibly by a 
decrease in “tonic” mental stimulation of the 
glands in heat. It is very likely, however, that the 
corrosion hazard in hot environments is increased 
because of “* thermal ’’ sweat from the arm spreading 
to the palm. 

Most of the corrosive properties of sweat can be 
attributed to the sodium chloride content, the con- 
centration of which may be extremely variable. A 
majority of investigators have found, at least for 
thermal sweat, that the chloride concentration varies 
directly with the rate of sweating (Robinson and 
Robinson, 1954). This relationship may, however, 
be secondary to the effect of skin temperature 
(Robinson, Gerking, Turrell, and Kincaid, 1950: 
Weiner and van Heyningen, 1952a) which in turn is 
largely dependent on environmental temperature. 
Darling (1948) found that the chloride content of 
palmar sweat is increased with a rise in skin tem- 
perature although there was no increase in sweat 
production. On the other hand, Lobitz and Oster- 
berg (1947a) observed low concentrations of chloride 
in profuse palmar sweating and higher values in 
scanty intermittent sweating. If palmar sweat 
sodium chloride concentration increases with sweat 
rate and/or skin temperature as in “ thermal ” 
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sweating, then individuals with high sweat rates will 
cause more corrosion also by virtue of higher salt 
concentration. This may partly explain the large 
increases in corrosion at high sweat rates shown 
in Fig. 3. 

Since it is likely that the salt concentration of 
palmar sweat is an important factor in determining 
the extent of corrosion, differences in the nutritional 
state of individuals may also be related to this effect. 
Although Darling (1948) found no increase in 
palmar sweat chloride by increasing salt intake, there 
is evidence that salt restriction can lower the sweat 
chloride level, at least under conditions of heavy 
(thermal) sweating (Hancock, Whitehouse, and 
Haldane, 1929; McCance, 1938; Weiner and van 
Heyningen, 1952b). 

The results presented in Table 2 suggest that 
components other than sodium chloride produce in 
comparison very little corrosion, although it is 
difficult to assess total corrosion by sweat in terms 
of its separate constituents. There is, however, some 
indication that artificial sweat solutions with high 
PH corrode less than those with low pH. At equal 
sweat rates it might be expected that “ thermal ” 
sweat from males would corrode more than that 
from females because of higher sodium chloride 
concentration (McSwiney, 1934; Robinson and 
Robinson, 1954; Davies and Clark, 1950) and 
lower pH (McSwiney, 1934; Blank, 1939; Thurmon 
and Ottenstein, 1952). 


Summary 

The extent of corrosion of mild steel produced by 
palmar contamination from a number of subjects 
was compared. There was a variation in this effect 
both from person to person and with the same 
individual at different times and this was related to 
differences in palmar sweat rates. Finger print 
contamination produced more corrosion than that 
from the palmar surface. 

Corrosion by sweat is mainly due to the sodium 
chloride content, the concentration of which prob- 
ably increases with palmar sweat rate. Other sweat 


constituents produce comparatively little corrosion. 
Methods available for reducing the corrosive 
effect are discussed. 


For advice concerning the corrosion aspects of this 
work I wish to thank Dr. J. C. Hudson, of the Corrosion 
Advice Bureau, and Mr. E. LI. Evans, of the Chemical 
Research Laboratories, Teddington. I am also indebted 
to the Pressed Steel Co. Ltd. for a specimen analysis of 
the steel and to Messrs. Rozalex Ltd. for generously 
supplying barrier cream preparations. 

I gratefully acknowledge the helpful suggestions of 
Dr. J. S. Weiner, the considerable technical assistance 
given by Mr. J. O. C. Willson, and the cooperation of 
members of the Department of Anatomy, Oxford, who 
acted as subjects. 
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EXCRETION OF URINARY COPROPORPHYRIN 
IN LEAD POISONING 


PART I: LEVEL OF THE PRECURSOR OF COPROPORPHYRIN AND PREFORMED 
COPROPORPHYRIN IN FRESH URINE 


BY 
VACLAV HOLECEK with the technical assistance of M. PENICKOVA 


From the Institute of Industrial Hygiene and Occupational Diseases, Prague, Czechoslovakia 


(RECEIVED FOR PUBLICATION ON AUGUST I, 1956) 


In lead poisoning there are, in addition to other 
changes, disturbances in the metabolism of the 
pyrrole derivatives of blood pigments, and one of 
these is a high level of urinary coproporphyrin. The 
object of this paper was to find in what form copro- 
porphyrin is eliminated in the urine. 

Saillut found as early as 1896 that coproporphyrin 
was partly eliminated in the urine in the form of a 
non-fluorescent precursor, but this problem has been 
studied in more detail only in recent years. Watson, 
de Mello, Schwartz, Hawkinson, and Bossenmaier 
(1951) found in fresh urine of healthy subjects that 
the precursor formed more than half of the total 
value of the coproporphyrin. Weatherall (1952) 
found in the fresh urine of rabbits, poisoned with 
lead, as much as 83% of the precursor, with an 
average value of 49°. In both these papers the 
extraction method of determination was used, in 
which, during the extraction, the precursor is trans- 
formed to coproporphyrin. Eriksen (195la) used 
adsorption on calcium phosphate for the deter- 
mination of preformed coproporphyrin and found 
as much as two-thirds of the precursor in the urine 
of subjects with lead poisoning. He did not work, 
however, with sufficiently fresh urine. No experi- 
mental proof has so far been given of the presence 
of preformed coproporphyrin in the urine of healthy 
subjects or in lead poisoning. On the contrary, it 
was found that injected coproporphyrin was elimin- 
ated by the liver (Weatherall, 1952; Goldberg, 1955; 
Hoffbauer, Watson, and Schwartz, 1953), not by 
the kidneys. We are of the opinion that the copro- 
porphyrin found in the urine had passed through the 
kidneys in the form of the precursor. The precursor 
of coproporphyrin has not been isolated. It appears 
that it is a four-pyrrole compound which is very 
readily oxidized to coproporphyrin (Watson et al., 
1951), and we have investigated experimentally the 


theory that in lead poisoning only the precursor of 
coproporphyrin and not preformed coproporphyrin 
is present in fresh urine. In the determination of 
coproporphyrin in the urine immediate measure- 
ment, or the exclusion of light even for very short 
periods, is imperative. 


Experimental 

Chemicals and Apparatus.—Chemicals of the maximal 
available analytical purity were used. Ether was obtained 
free from peroxidic substances by storage over ferrous 
sulphate and was always freshly distilled. 

The determination of the concentration of copro- 
porphyrin in extracts in hydrochloric acid was performed 
spectrophotometrically on Beckman’s spectrophoto- 
meter using the method of Rimington and Sveinsson 
(1950). 


Method.—All determinations were performed in sub- 
dued light at a distance of 6 metres from the window. 
Before chemical treatment each sample of urine was 
kept in complete darkness. The determination of the 
quantity of precursor in the alkaline supernatant in 
Cases 10 a to fin Table 3 was carried out in a room from 
which all daylight had been excluded, illuminated by a 
25-watt lamp at a distance of 3 metres. 

For the determination of preformed coproporphyrin, 
the quickest available method was used so that the 
spontaneous conversion of the precursor to copro- 
porphyrin might be minimal. It was also necessary to 
avoid working in an acid medium where the precursor 
is readily transformed to coproporphyrin. Adsorption 
on calcium phosphate in an alkaline medium (Askevold 
(1951) ) was the method used and the calcium phosphate 
was precipitated within five minutes of micturition. 

One drop of 5% hydrogen dipotassium orthophosphate 
and | ml. of 3% calcium chloride were added to 10 ml. 
of urine. Calcium phosphate was then precipitated by 
adding | ml. of 2 N sodium hydroxide and centrifuging 
for five minutes. The precipitate was washed with 
10 ml. of 0-1 N sodium hydroxide, again centrifuged, 
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and dissolved in the minimum volume of 2 N hydro- 
chloric acid. Due to the small coproporphyrin content 
and the great amount of sedirnent, the spectrophoto- 
metric determination could not be carried out directly 
in this solution. The solution was therefore buffered 
with sodium acetate to pH 4 to 5 and the coproporphyrin 
determined after ether-hydrochloric acid extraction. We 
had established previously that up to Syg. of copro- 
porphyrin could be adsorbed quantitatively on to the 
calcium phosphate precipitate as it was formed in this 
experiment (Table 1). If the content of the preformed 
coproporphyrin in the urine is higher than this, the urine 
must be diluted. In our cases, however, this was not so. 
It was also necessary to test the behaviour of the pre- 
cursor during the adsorption of preformed copro- 
porphyrin onto calcium phosphate. The isolated pre- 
cursor was not available, and an experiment was therefore 
undertaken to find out whether the precursor was co- 
precipitated on to calcium phosphate. 


TABLE | 


ADSORPTION OF COPROPORPHYRIN ON CALCIUM 
PHOSPHATE FROM WATER-MEDIUM AND 
FROM URINE 


a Coproporphyrin (ug.) Recovery 
Added Recovered (%) 
4-03 

5-10 4-77 93-5 

3-88 16-1 

4:37 85-7 

0-1 N HCI + water 097 

0-99 0:96 97-0 
(10 mi.) 0-98 99-0 
0-96 97-0 

9.098 96-1 

0-102 0-094 92:2 

0-102 100-0 

0-094 92:2 

4-81 94-3 

5-10 5-04 98:8 

4-90 96-1 

4-80 94-1 

0-1 N HCI urine 102-0 
tt 0-99 0-99 100-0 
(10 mi.) 1-02 103-0 
0-97 98-0 

0-102 0-110 107-8 

0-118 115-7 

0-086 84-5 


(1) Freshly passed undiluted urine, and the same 
urine diluted 1 : 1 and 1 : 3 with water, were treated with 
the calcium phosphate precipitation method described 
above. 

(2) Freshly passed undiluted urine was treated with the 
amounts of 3% calcium chloride and 5% hydrogen 
dipotassium orthophosphate described above (basic), 
also with twice and four times these amounts (Table 2). 

Table 2 shows that the precursor is partly co- 
precipitated on to the calcium phosphate, the amount 
co-precipitated being independent of the dilution of the 
urine, but increasing with the amount of calcium phos- 
phate precipitated. It is not possible to determine the 
range of the co-precipitation as the precursor is very 


TABLE 2 


CO-PRECIPITATION OF THE PRECURSOR OF 
COPROPORPHYRIN ONTO CALCIUM PHOSPHATE 


Sample 
1 2 
Calcium Total Coproporphyrin in wg/ml. 
— Phosphate of Urine 
Content 1-450 3-760 
Preformed Coproporphyrin 
Calculated as (ug/mi.) of 
Undiluted Urine 
Basic 0-077 0-174 
1+1 0-069 0-213 
1+ 3 0-070 0-169 
Twofold 0-102 0-236 
Fourfold 0-131 0-298 


rapidly transformed into coproporphyrin and the results 
are thereby raised. The smallest possible quantity of 
reagents was therefore chosen, and the calcium phosphate 
was precipitated immediately after adding hydroxide. 
In this way all the preformed coproporphyrin was deter- 
mined quantitatively, but the value found was increased 
by part of the co-precipitated precursor, which had been 
rapidly transformed to coproporphyrin. In our view 
this is the most suitable method for the determination of 
preformed coproporphyrin in the urine, since we found 
lower values of preformed coproporphyrin in the urine 
than have been so far reported in the literature (Watson 
et al., 1951; Weatherall, 1952; Eriksen, 195la). For the 
determination of total coproporphyrin, i.e., the sum of 
preformed coproporphyrin and the precursor, the 
ethylacetate-hydrochloric acid method of extraction was 
used. For the conversion of all the precursor to copro- 
porphyrin, oxidation with iodine (Watson er al., 1951) 
was used. The precursor content was calculated by 
subtraction of the amount of preformed coproporphyrin 
determined by adsorption on calcium phosphate from 
the amount of total coproporphyrin. 

Experiments were carried out to determine the quan- 
tity of the precursor not adsorbed on calcium phosphate 
but left in the alkaline supernatant. This was done by 
acidifying the supernatant with acetic acid and extraction 
with ethylacetate and hydrochioric acid. For the con- 
version of all the precursor to coproporphyrin oxidation 
with iodine was used. 

All determinations of preformed and total copro- 
porphyrin were carried out twice in parallel. The results 
differed by a few per cent; at low values of preformed 
coproporphyrin only the difference increased to more 
than 10%, when the extraction of coproporphyrin was 
as low as a few hundredths of a microgram. In working 
with normal urines, 20 ml. of urine was always used. 


Results and Discussion 


In Table 3 are given the amounts of total and 
preformed coproporphyrin found in the fresh urine 
of 28 samples. The amount (Col. v) of the precursor 
is calculated from the difference of both values and 
also expressed as a percentage of total copropor- 
phyrin. Column (vi) of Table 3 shows the amount 
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TABLE 3 
EXCRETION OF PRECURSOR AND PREFORMED COPROPORPHYRIN IN URINE 


Preformed Coproporphyrin 


Preformed Coproporphyrin ~ 


Precursor 
Total — — Precursor Precursor Found 
Sample Coproporphyrin ug./ml. Found Remarks 
(ug./ml.) Total (ii)-Ciii) (ug./ml.) ug./ml. of Total 
Coproporphyrin Coproporphyrin 
(i) (ii) (iii) (iv) (v) (vi) (vii) (viii) (ix) 
0-203 0-020 99 90-1 
2 0-232 0-022 9-5 90-5 - 
3 0-326 0-003 0-9 99-1 ~ — — 
4 0-352 0-012 34 96-6 0-320 0-332 94:3 - 
5 1-410 0-077 5-5 94-5 1-262 1-339 95-0 £ 
6 1-450 0-102 70 93-0 
7 2-700 0-041 1-5 98-5 1-400 1-441 2 
3-730 0-448 12-0 88-0 -- 
9 3-760 0-174 46 95-4 2-070 2-244 59-7 a 
10a 1-105 0-030 27 97-3 0-841 0-871 78:8 3 
105 1-010 0-030 30 97-0 0-879 0-909 90-0 = 
0-975 0-032 33 96:7 0-795 0-827 84-8 
10d 0-927 0-026 28 97-2 0-784 0-810 87-4 
10¢ 0-966 €-031 3-2 96°8 
10 / 1-020 0-026 2-6 97-4 0-742 0-768 75-3 
0-205 0-006 29 97:1 
12 0-125 0-019 15-2 84:8 - = 85 
13 0-12 0-013 10-5 89-5 - ate 
14 0-052 negat. - 100 - 
iS 0-132 0-018 13-6 ~ 
16 0-095 0-019 20-0 80-0 ~ — e 
17 0-092 0-017 18-5 81-5 0-043 0-060 65-2 = 
18 0-091 0-002 2-2 — 
19 0-086 0-020 23:3 76-7 0-039 0-059 68-6 = 
20 0-063 0-016 25-4 74-6 - — a 
21 0-050 0-011 23-0 77-0 
22 0-042 0-007 16-6 83-4 = 
23 0-029 0-006 20-7 79-3 - ~ 


of precursor as determined by direct analysis in 
alkaline supernatant. Samples No. 10 a to / repre- 
sent analyses of samples of urine which were taken 
at 10-minute intervals from one patient by means 
of a rubber catheter in a nitrogen atmosphere in 
subdued light. 

Table 3 shows that both in lead poisoning and in 
normal! urines a large proportion of coproporphyrin 
is excreted as precursor, and the high copropor- 
phyrin level in the urine in lead poisoning is thus 
due to the excreted coproporphyrin precursor. The 
percentage of preformed coproporphyrin which we 
have found is much lower than that found by earlier 
authors (Watson er al., 1951; Weatherall, 1952; 
Eriksen, 195la). In our view these lower results were 
obtained by improved analytical techniques and by 
treating the urine immediately after micturition. It 
is certain that the actual amount of preformed 
coproporphyrin in urine is still lower but it cannot 
at present be shown to be zero. The relatively high 
percentages of preformed coproporphyrin found 
even in freshly passed normal urine (Table 3) give no 
indication whether these amounts, which are very 
small, originated from the precursor in the bladder 
or whether they were excreted by the kidney. 

Table 3 also shows that in the determination of 
coproporphyrin-precursor it is partially broken 
down in alkaline supernatant and therefore it is not 
possible to determine the precursor quantitatively 


by direct analysis. These results do not entirely 
agree with those of Eriksen (1951b, 1952). 

Determinations of total coproporphyrin in fresh 
urine were made, as well as of the precursor in 
alkaline supernatant, both with and without using 
iodine as oxidant. In contrast with normal urines, 
where the difference of the analyses with and without 
oxidation of iodine was about 30°, this difference 
in the urines of cases of lead poisoning was only 
2 to 10%. 

The breakdown of the precursor and its conversion 
into coproporphyrin in untreated urine were further 
studied. The urine in test tubes was (i) exposed to 
diffuse daylight directly in a window, (ii) kept in the 
dark at room temperature, (iii) kept in the dark in 
the refrigerator. The preformed total copropor- 
phyrin levels were determined after two, six, and 
24 hours. The results are given in Table 4. 

The effect of daylight appeared to be to cause a 
rapid disintegration of the precursor. (In an ether 
or ethylacetate solution, light causes a rapid con- 
version of the precursor to coproporphyrin.) In one 
experiment the tota! coproporphyrin level fell to 
zero in the course of two hours. In the dark, at 
room temperature, the precursor was for the most 
part converted to coproporphyrin and disintegrated 
only partially. In the refrigerator, nearly all the 


precursor changed to coproporphyrin and the losses 
were very small. These results are a very important 
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TABLE 4 
BREAKDOWN AND CONVERSION OF THE PRECURSOR TO COPROPORPHYRIN 


Preformed Coproporphyrin Urine) 


Total Coproporphyrin (ug./ml. Urine) 


3 Conditions in Ageing Urine 
. At room temperature At room temperature 
In dark — — In the dark 
- in refrigerator In the test tube in refrigerator In the test tube 
In the dark in a window In the dark in a window 
6 0-532 0-490 0-060 1-38 1-21 0-12 
24 0-920 0-742 1-39 1-08 


finding for those laboratories in which routine 
determinations of coproporphyrin in the urine are 
undertaken. In all determinations of copropor- 
phyrin it is imperative to keep the urine away from 
light immediately after micturition. 


Summary 

The total coproporphyrin in completely fresh 
urine in lead poisoning was found to be formed of 
1 to 12°, preformed coproporphyrin, and 88 to 
99°. precursor of coproporphyrin. Preformed 
coproporphyrin was not excreted in increased 
amount in lead poisoning. The increased level of 
total urinary coproporphyrin in lead poisoning is 
due to excessive excretion of the coproporphyrin 
precursor. 

The precursor is, after micturition, rapidly trans- 
formed to coproporphyrin in the dark in the 
presence of oxygen in the air. In the light it dis- 
integrates rapidly to non-porphyrin substances. 
Urines were examined in which this disintegration 


PART II: DISTRIBUTION OF URINARY 


In our previous paper we demonstrated that in 
lead poisoning the high coproporphyrin level is due 
to excessive excretion of the urinary coproporphyrin 
precursor. In our present work we studied the 
problem of the transformation of the precursor to 
coproporphyrin isomers I and III (Fig. la and Ib). 

The view has been generally accepted that the 
coproporphyrin in the urine in lead poisoning is the 
isomer III. This would mean that the copropor- 
phyrin precursor (coproporphyrinogen) is converted 
to the isomer III when analysing the urine. Kench, 
Lane, and Varley (1952) found, however, an average 
of 30°% coproporphyrin I in lead poisoning. Since 
the chemical composition of the precursor (copro- 
porphyrinogen) is not known, the possibility must 
be considered of the different ratio of the two 
isomers arising as a result of the way in which the 
urine is treated. 
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took place almost completely when they were ex- 
posed to the effect of diffuse daylight for two hours. 
In these cases the content of total coproporphyrin 
fell to only a small percentage of the original value. 
It is imperative that urine samples for copro- 
porphyrin estimations are not exposed to light even 
for a short period. 


The author acknowledges with gratitude the help of 
Professor St. Skramovsky, who made many helpful 
suggestions and showed a constant interest in this work. 
Dr. J. Vostal assisted with useful criticism. 
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Proc. 


COPROPORPHYRIN ISOMERS I AND III 


It is probable that coproporphyrinogen in normal 
and pathological urine is a four-pyrrolic compound 
(Watson, de Mello, Schwartz, Hawkinson, and 
Bossenmaier, 1951) (Fig. Ic), which could only give 
rise to a coproporphyrin isomer corresponding to 
the original isomer of the coproporphyrinogen 
regardless of the way in which the urine was treated. 
We must also consider the possibility of the existence 
of other precursors of coproporphyrins which could 
form coproporphyrins of different isomeric con- 
figuration according to the chemical treatment. 
Thus, for example, on condensation of the mono- 
pyrrolic porphobilinogen, isolated from the urine 
in acute porphyria, uroporphyrin I is mostly formed 
in an alkaline medium and in an acid medium 
uroporphyrin III (Cookson and Rimington, 1954) 
(Fig. Id to f). 

The same argument for the distribution of 
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Fic. | a to c.—Chemical groups: 
M = methyl P 
(a) Coproporphyrin I 
(b) Coproporphyrin III 
(c) Assumed precursor of Coproporphyrin III 


= propionic acid residue 


Fic. | d to f.—Chemical groups: 
O = residue of acetic acid (d) Porphobilinogen 

P = residue of propionic acid (e) Uroporphyrin I 
(f) Uroporphyrin Il 
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coproporphyrin isomers I and III is also valid for nor- 
mal urines, where to date nothing is definitely known 
on the proportion of the two isomers, although this 
question has been studied by several authors. In a 
recent paper, Comfort, Moore, and Weatherall 
(1954) reported a great predominance of isomer III 
over isomer I, but in view of the conflicting findings 
of other authors they admit both the possibility of 
different ratios of the two isomers caused by con- 
ditions during the conversion of the precursor, and 
such a great individual variability in the mutual 
ratio of the two isomers that it cannot be said 
whether one of the isomers usually predominates. 

We attempted in our present work to decide 
experimentally whether the relative representation 
of the two coproporphyrin isomers is produced by 
the nature of the precursor itself, or whether it 
depends on the treatment of the urine when isolating 
the coproporphyrin. 


Experimental Procedure 

Chemicals.—Chemicals of the maximal available 
analytical purity were used. Coproporphyrin I was 
isolated from calf meconium; coproporphyrin III was 
obtained from a filtrate of diphtheria bacteria, uro- 
porphyrin from the urine of a patient with porphyria. 
The composition of isomers of the lutidine used was 
not known. After drying with solid potassium hy- 
droxide, the fraction used had a practically constant 
boiling point (153-5 to 153-6° C. corr.) at a pressure of 
740 mm. Hg and was unlimitedly miscible with water 
at temperatures lower than + 15°C. 


Method.—Fresh urine was divided into five parts and 
each part was treated immediately after micturition so 
that all the routine methods of extraction of urinary 
coproporphyrin were used. Thus the conversion of the 
precursor was brought about under the following con- 
ditions 

(1) Spontaneous conversion in the untreated urine (the 
most frequent way of conversion in practice); (2) con- 
version in urine made alkaline by the addition of sodium 
carbonate (conservation of urine according to Schwartz, 
Zieve, and Watson, 1951); (3) conversion in untreated 
urine by heating to 100° C. (method used for the con- 
version of porphobilinogen into uroporphyrin (Grieg, 
Askevold, and Sveinsson (1950) ); (4) oxidation with 
iodine in ethylacetate (oxidation of the precursor 
according to Watson et al., 1951); (5) conversion by the 
action of hydrochloric acid on ethylacetate extract 
(routine method of extraction of coproporphyrin from 
ethylacetate into hydrochloric acid). 

In this way, large volumes of urine of three cases of 
lead poisoning were treated and the amounts of por- 
phyrin (mg.) obtained were purified by column chroma- 
tography and in the obtained coproporphyrin fraction 
both isomers were estimated by paper chromatography. 
Then crystalline methylesters of coproporphyrins were 
prepared in which the form of the crystals could be 
assessed and the melting point determined. 
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Later, small volumes of urine were analysed and both 
isomers determined only by paper chromatography. In 
these cases the methods of isolation were so chosen that 
the conversion of the precursor took place. (6) after 
the action of 0-1 to 0:2 N sodium hydroxide on urine 
with subsequent acidification (Eriksen, 1952); (7) in urine 
acidified by hydrochloric acid to a concentration of 0-1 
to 0-2 N (this was used as a complementary method); 
(8) in ethylacetate by oxidation with iodine and by the 
action of 2 N hydrochloric acid (Watson et a/., 1951). 

The chromatographic separation of coproporphyrin 
isomers I and III on paper was carried out according to 
the method of Chu, Green, and Chu Ju-Hwa (1951) with 
pure preparations isolated from large volumes of urine 
and with all techniques according to our modification of 
the method of Nicholas and Rimington (1949). (The 
method is very similar to that of Falk, which appeared 
during our investigations (Falk, 1955; Falk, Dresel, 
Benson, and Knight, 1956); the principle is described 
later.) The separation of non-purified coproporphyrins | 
and III extracted from small volumes was carried out 
only according to our method, as we demonstrated that in 
the presence of sediment from the urine the results by 
the method of Chu et a/. are not reproducible, whereas 
the separation of free porphyrins by the modified method 
of Nicholas and Rimington is, even under these conditions, 
reproducible. 

The identification of individual porphyrins was carried 
out by parallel chromatography of a portion of 
the sample with the addition of standard porphyrin, 
since the R, is changed with a small alteration in the 
composition of the mixture, temperature, concentration 
of ammonia, and the presence of foreign substances in 
the sample. For these reasons, and because the be- 
haviour of isomers of other porphyrins was not tested, 
the number of carboxyl groups cannot be reliably 
ascribed, on the basis of the R, values, to porphyrins in 
the unknown spot. 

The chromatographic separation of free copro- 
porphyrin isomers I and III in the system lutidine-water 
was undertaken as follows:— 

Solutions of porphyrins in 2 N ammonia were placed 
on Whatman paper No. | 44 cm. long (i.e., the width of 
the sheet), on a line at a distance of 3 cm. from the edge. 
The minimal distance of the spots should be 18 mm., 
when the placed quantities of porphyrins are about 
0-8 wg. The areas of the spots are of no importance. 

The development was performed by ascending tech- 
nique in a completely darkened developing chamber. 
The solvent used was a lutidine-water mixture (35+ 25 
volume parts). It is not necessary to equilibrate the 
developing chamber or the paper before the development. 
Immediately after the solvent was poured into the solvent 
trough, and the paper irrigated with the solvent, a dish 
with several millilitres of 25°, ammonia was placed in 
the developing chamber, the chamber was closed and the 
chromatogram left for 45 hours or longer to develop. 
When the run was completed the chromatogram was 
taken out, dried in the air, and the spots marked in 
pencil in ultra-violet light. The R, values of the examined 
porphyrins are given in Table 1. 

In order to obtain accurate identification of individual 
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TABLE | 
Ry OF FREE PORPHYRINS IN THE LUTIDINE-WATER (35 +25) ASCENDING TECHNIQUE 


Unidentified Impurities from Used 


Cc Coproporphyrin I according to 
Uroporphyrin Coproporphyrin Il Protoporphyrin IX Decreasing Intensity of Spots 
1 2 3 4 


porphyrins, and to exclude the interference of undefined 
porphyrins, a part of the examined material with a 
standard porphyrin as control was run simultaneously 
through the developing chamber. 

In order to detect very small quantities of a certain 
porphyrin in the presence of large quantities of other 
porphyrins, about 3 to 5 wg. of the porphyrins mixed 
are placed at a distance of 3 to 4 cm. from each other. 
In this case, the developed spots of coproporphyrin 
isomers I and III are not completely separated. 

The best separation of coproporphyrin isomers | and 
Ill was achieved when the chromatogram ran at 
21°C. + 0-5. Less than 5% of the isomer I and III was 
detectable in a mixture, when this temperature was 
maintained. 


Treatment of Large Urine Volumes.—In these instances, 
the preformed coproporphyrin was not removed. 


(1) Conversion of Precursor in Untreated Urine.—The 
first portion of urine was kept in a refrigerator for several 
days, then acidified with acetic acid when 20 g. talc was 
added to | litre of urine. (Talc is commonly used for the 
adsorption of porphyrins. When examining the con- 
ditions of adsorption, we found that for the quantitative 
adsorption of porphyrins from the medium buffered with 
an acetate buffer, at least 2,000 times larger amounts of 
talc than the porphyrin content, and two to three hours 
of intensive shaking were needed. From a medium of 
0-1 N hydrochloric acid, 10,000 times more talc was 
needed, but shaking for two minutes was sufficient. At 
least 10 g. of talc for 1 litre of urine was used.) After 
shaking for three hours, the talc with the adsorbed 
porphyrin was filtered off and dried. The adsorbed 
porphyrin was converted to methylester (Grinstein, 
Schwartz, and Watson, 1945) chromatographically 
purified on aluminium oxide (Nicholas, 1951) and re- 
crystallized. On chromatographic purification on 
aluminium oxide, only the coproporphyrin fraction was 
trapped. The fractions with other porphyrins were not 
further analysed. 


(2) Conversion of Precursor in Alkalized Urine.—I\n 
the second portion of urine, sodium carbonate was 
dissolved to a concentration of | to 5% immediately 
after micturition, and the further procedure was the 
same as in (1) above. 


(3) Conversion of Precursor in Untreated Urine by 
Heating.—The third portion of urine was heated for 
20 minutes on a boiling-water bath immediately after 
micturition, and then immediately treated in the same 
way. 


(4) and (5) Conversion of Precursor in Ethylacetate by 
Oxidation with Iodine and Action of Hydrochloric Acid.— 


In the fourth and fifth portions of the urine, the copro- 
porphyrin was isolated by extraction with ethylacetate- 
hydrochloric acid. In the fourth portion, oxidation with 
iodine according to the method of Watson ef a/. (1951) 
was carried out. The extracts in hydrochloric acid were 
buffered with sodium acetate, coproporphyrin was 
adsorbed on to talc and further treated as in (1) above. 

Using methods | and 2, 10 litres of urine from a 
patient (A) with lead poisoning were treated and | litre 
of urine from two further patients with lead poisoning 
(B, C) and 10 litres of mixed urine from six healthy 
subjects. Using methods 3, 4, and 5, | litre of urine each 
from patients A, B, and C were treated. 


Treatment of Small Urine Volumes.—In these instances 
the preformed coproporphyrin was removed. 

(6) Removal of Preformed Coproporphyrin and Con- 
version of Precursor after Action of 0-1 to 0-2 N Sodium 
Hydroxide.—{a) from quite fresh urine (5 min. after 
micturition at the latest) when the preformed copro- 
porphyrin was adsorbed onto calcium phosphate accord- 
ing to the method of Askevold (1951), as described in our 
first communication. After centrifugation, the alkaline 
liquid (sodium hydroxide content 0-1 to 0-2 N) was 
decanted above the adsorbate, acidified with acetic acid 
and the coproporphyrin determined by extraction in 
ethylacetate-hydrochloric acid. (b) The adsorbate on 
calcium phosphate was dissolved in 2 N hydrochloric 
acid, buffered with sodium acetate to pH 4 to 5 and 
treated by the same extraction method. The final extract 
in hydrochloric acid was evaporated to dryness in nitro- 
gen at 80°C., dissolved in one drop of 2 N ammonia 
and chromatographed. 

(7) Conversion of Precursor in Acidified Urine-—The 
second portion of the urine was acidified with hydro- 
chloric acid to a concentration of 0-1 to 0-2N. After 
24 hours in the refrigerator, it was buffered with sodium 
acetate and extracted with ethylacetate-hydrochloric acid. 
The further treatment was the same as in 6(b) above. 

(8) Conversion of Precursor in Ethylacetate by Oxida- 
tion with lodine and by Action of Hydrochloric Acid.—The 
third portion of the urine was treated by extraction as 
described in (4) above. 

Using tne procedure 6 to 8, 10 ml. samples of com- 
pletely fresh urine of patients with symptoms of lead 
poisoning and 20 mi. samples of completely fresh urine 
of heaithy subjects were treated. Using methods 6 and 
8, nine samples each of normal urine and of urine of 
subjects with symptoms of lead poisoning were treated. 
Using method 7, three samples of normal urine and of 
urine of subjects with symptoms of lead poisoning were 
treated. In the procedure 7 and 8, the preformed 


coproporphyrin had not been previously removed. 
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URINARY COPROPORPHYRIN IN LEAD POISONING 


Results and Discussion 

Methylesters of coproporphyrins, isolated from 
the urine in lead poisoning, were all readily soluble 
in methyl alcohol, so that it was not possible to 
obtain even small amounts of methylester of isomer I, 
which is relatively insoluble in methyl alcohol. 
During crystallization, no typical needle-like crystals 
of methylester of the isomer I were found (Fig. 2, 
3, and 4) so that the presence of an important 
amount of isomer I could not be demonstrated. 

The melting point of the preparations studied 
indicates throughout the presence of isomer III 
(Table 2). 

In paper chromatography of coproporphyrins 
Chu er al. found no coproporphyrin I. According 
to our experiments, no amount of a coproporphyrin 
isomer smaller than 20% could be found by this 
method in a mixture of the two isomers. Using our 
chromatographic method in lead poisoning, how- 
ever, the presence of small amounts of copropor- 
phyrin I was found in all instances. This finding is 
not in disagreement either with the values of 
melting points found, or with the observed form of 
crystals, as the chromatographic analysis is more 
sensitive for the detection of small amounts of 
coproporphyrin I in a mixture with an excess of 
coproporphyrin III (Jope, and O’Brien, 1945). 


Fic. 2.—Tetramethylester of ccproporphyrin I = 180. 


Fic. 3.—Tetramethylester of coproporphyrin III = 180. 


Fic. 4.—Tetramethylester of coproporphyrin isolated from the urine 
in lead poisoning = 180. 
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Porphyrins of a smaller number of carboxyls than 4 


number of carboxyls than 4 


Porphyrins of a greater 
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Fic. $. Paper chromatography of porphyrins in the system lutidine-water. 


Standard mixture of coproporphyrin I and III. 

Porphyrins isolated from normal human urine. 

Porphyrins from the urine in lead poisoning (preformed 
coproporphyrin and porphyrins produced in ethylacetate by 
action of iodine and hydrochloric acid). 


4. Porphyrins produced from precursor in the urine in lead 
poisoning by the action of sodium hydroxide and acetic acid. 

5. The same specimen as at (4) with addition of standard 
coproporphyrin ILI. 

6. The same specimen as at (4) with addition of standard 
coproporphyrin I, 
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URINARY COPROPORPH YRIN IN LEAD POISONING 


0-8} PIX 
0-6} 
Cul 
0-4} 
0-2} 
‘ NUMBER OF CARBOXYLS 
6 2 


FiG. 6.—The relation of Ry of the spots of free porphyrins in the 
system lutidine-water to the number of carboxyls. 


On the chromatograms, in all instances two faint 
spots were also visible, corresponding to porphyrins 
with five to six carboxyl groups (Fig. 5, 6). 

In some cases, where the precursor was converted 
to coproporphyrin after the action of alkali, very 
intensive spots appeared on the chromatogram, 
corresponding to porphyrins with two to three 
carboxyl groups (Fig. 5, 6). 

It may be concluded that the coproporphyrin 
precursor excreted in lead poisoning is mainly the 
precursor of coproporphyrin III. In chemical treat- 
ment of the urine, its partial decarboxylation and 
the production of porphyrins with a smaller number 
of carboxyls may occur, but the ratio of copro- 
porphyrin I and III remains unchanged. 

Methylesters of coproporphyrins, isolated from 
normal urine after acid and alkali treatment, were 
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poorly soluble in methyl alcohol. During crystalliza- 
tion, needle-like crystals of the type of the methyl- 
ester of coproporphyrin I (Fig. 7) were obtained. 

The melting-points of methylesters of copro- 
porphyrins, isolated from normal urine, lay between 
the values of methylesters of isomers I and III 
(Table 2), and were evidence of the presence of a 
large amount of isomer I. 

The chromatographic analysis of porphyrins 
isolated from normal urine showed that the relation 


Fic. 7.—Tetramethylester of coproporphyrin isolated from normal 
urine x 180 


TABLE 2 


MELTING POINTS (°C.) OF COPROPORPHYRIN METHYLESTERS, ISOLATED FROM THE URINE OF PATIENTS WITH 
LEAD POISONING AND FROM NORMAL URINE 


Specimen 
1 2 3 Normal Urine 
rystal- rystal- rystal- rystal- | 
lization Re-melting lization Re-melting lization Re-melting lization | Re-melting 
Untreated urine in refrigerator 154 158 138-144 143-145 149-156 160-162 223-226 227 
Urine alkalized with sodium 
carbonate in refrigerator 172-178 165-195 156-158 159-162 157-160 160-164 225-229 224-226 
Fresh urine heated to 100° C. for 
20 min. 145-150 165 136-139 149 147 159 _— —_— 
Action of iodine and hydrochloric 
acid on the ethylacetate extract 161-174 174-187 138 149-155 152-153 162-166 — — 
Action of hydrochloric acid on 
ethylacetate extract 159-171 179 132-134 149 151-152 158 — _— 
The range usually given: 
Our preparations: 
Coproporphyrin II | 150 178 
Coproporphyrin I } 249 


All melting-points are corrected. 
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of isomers of coproporphyrin I and III in all in- 
stances equalled about one (Fig. 5). Further, in all 
cases, two faint spots were observed, corresponding 
to porphyrins with 5 to 6 carboxyl groups, as in the 
urine in lead poisoning. 

In paper chromatography of the preformed por- 
phyrin, isolated by adsorption onto calcium phos- 
phate, only coproporphyrin III was found in the 
urines treated in lead poisoning. Isomer I was 
probably present, but its presence could not be 
confirmed owing to the interference of sediment. 
When treating normal urine, equal amounts of 
preformed coproporphyrin I and III were found. 


Summary 

The conversion of the coproporphyrin precursor 
in the urine both in lead poisoning and in healthy 
subjects was studied. 

It was found that coproporphyrin precursor in the 
urine in lead poisoning was for the most part the 
precursor of coproporphyrin III and to a very small 
extent precursor of coproporphyrin I. The type of 
chemical treatment of the urine had no effect on the 
relative values of the resulting isomers I and III. 
In an alkaline medium, partial decarboxylation and 
the production of other porphyrins took place with 
the conversion of the precursor, but the relative 
values of the coproporphyrin isomers were not 
changed. 


The coproporphyrin precursor in the urine of 
healthy subjects was, on the other hand, formed by 
both isomers in equal amounts. The type of chemical 
treatment of the urine was here also of no effect on 
the ratio of the resulting isomers. 


I am indebted to Professor Dr. St. Skramovsky for his 
many helpful suggestions and his constant interest in 
this work. I wish to thank Dr. J. Vostal for his careful 
reading of the manuscript and his useful criticisms, 
Dr. M. Jirka for the preparation of coproporphyrin III, 
and Dr. J. Berman for the preparation of uroporphyrin. 
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TRACHEOTOMY IN MAJOR CHEST INJURIES 
BY 
S. A. GUEUKDJIAN 
From the Department of Surgery, Mayday Hospital, Croydon, Surrey 


(RECEIVED FOR PUBLICATION MARCH 4, 1957) 


Thoracic injuries, in particular fractures of the 
ribs, are very common industrial accidents. Most 
often these are of a mild nature and can be effectively 
treated in the works first-aid room or in casualty 
departments. Major crush injuries of the chest 
may seriously endanger life on account of involve- 
ment of the respiratory mechanism. Such accidents 
also present an urgent surgical problem; opinion is 
divided on the best method of treatment. 

In severe injuries of the “ stove-in’’ type in- 
volving fractures of several ribs anteriorly and 
posteriorly, the mortality rate is very high, seven out 
of eight cases, according to the Birmingham Accident 
Hospital statistics for 1944-52 (Proctor and London, 
1955). Some time ago (Coroner’s Reports, 1954) 
we lost a case of “ steering wheel” injury of the 
thorax, and this in spite of every known method of 
treatment. Recently, however, in a patient suffering 
from severe thoracic fractures and respiratory em- 
barrassment, emergency tracheotomy was performed 
and the patient’s life was saved. The following case 
is therefore recorded. 


Case Report 


A miner, aged 38, was seen at the receiving room as an 
emergency after an accident in the pit. A derailed rolling 
wagon had crashed against him, pinning him against 
the tunnel wall. The patient was rescued by his com- 
panions, and after minor first-aid was rushed to hospital 
with crush injury of the chest. 

On examination, the patient was shocked, restless, 
and moderately cyanotic. His breathing was troubled 
and noisy. There was an obvious paradoxical movement 
of the right antero-lateral half of the chest. Respiration 
rate was 40 per minute. Moist respiratory sounds were 
audible without auscultation. He had a small wound on 
the right hemithorax with considerable surgical em- 
physema and tension pneumothorax, obviously through 
valvular action. His pulse was rapid and the apex was 
deviated to the left. The jugular veins were distended but 
there was no subconjunctival haemorrhage or petechial 
exudate. Right pneumohaemothorax due to fractured 
ribs was diagnosed. Radiography confirmed the clinical 
impression of fractures of ribs 2-8 on the right side 


anteriorly and revealed fractures of ribs 3-7 posteriorly 
on the same side. There was marked pneumothorax and 
a fluid level. No intra-abdominal injury was suspected. 

It was urgently necessary to aspirate the right pleural 
cavity. Under local anaesthesia with 2°% xylocaine, a 
Malecot self-retaining catheter was introduced by trocar 
and cannula through the fifth intercostal space. Con- 
siderable amounts of blood and air bubbles were obtained. 
The catheter was connected to a water-seal Winchester- 
type bottle placed on the floor. Mechanical suction was 
not needed as drainage seemed to be satisfactory. The 
right half of the chest was supported with zinc-oxide 
strapping. Penicillin was give prophylactically and the 
patient was nursed in a sitting position. 

Eight hours after pleural closed drainage, the patient 
became distressed and showed signs of further respiratory 
obstruction. The chest was “ bubbly” and tracheo- 
bronchial aspiration was contemplated. However, it 
was decided that tracheotomy would be of greater help. 
With the patient in a supine position on the operating 
table, which was tilted into the extreme reverse-Trendelen- 
burg position, tracheotomy was performed under local 
anaesthesia. Through a vertical midline incision, the 
isthmus of the thyroid was separated between two clamps; 
the trachea was opened between the second and third 
rings and a double tracheotomy tube was inserted. On 
aspirating thick mucoid and slightly blood-stained 
tracheo-bronchial secretions with a suction catheter, the 
patient’s distress visibly diminished. He was sent back 
to the ward and nursed in the sitting position. Atropine, 
grain 1/100, was given and the patient had intermittent 
aerosol inhalations. Tracheo-bronchial aspiration was 
carried out at regular intervals and oxygen was made 
available in case of emergency. 

By the following day, the cyanosis had disappeared, 
respiration was easier, and the chest excursions were less 
unequal. Improvement continued steadily. On the eighth 
day, radiography having shown considerable re-expansion 
of the lung, the pleural drain was removed and the wound 
closed. Two weeks after it was inserted, the tracheotomy 
tube was also removed. Productive expectoration was 
still present but this and the dyspnoea subsided slowly 
and serial radiographs showed a gradual return of normal 
lung fields. The rib fractures were also improving 
satisfactorily. 

The patient was discharged symptom-free 21 days 
after admission to hospital, and at subsequent follow-up 
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examinations his condition was satisfactory. He was 
given lighter work at the mine but felt that he could go 
back to his previous job. 


Discussion 

Although in the field of post-operative chest 
complications prophylactic tracheotomy has been 
advocated by many authors (Colvin and Morrison, 
1953, and others), its use in severe chest injuries is 
not common. Credit goes to Carter and Giuseffi 
(1953) who have demonstrated the value of emergency 
tracheotomy in such conditions. 

The usual methods of strapping, rest, skeletal 
traction applied to the ribs or the sternum (Bailey 
and Matheson, 1953, and others), pericostal traction 
(Williams, 1948), immobilization in a_plaster-of- 
Paris cast (Belsey, 1953), open reduction (McKim, 
1943; Sweet, 1954), and wiring (Coleman and 
Coleman, 1950) do not always give satisfactory 
results. In major chest injuries the primary cause 
for alarm is the tracheobronchial involvement. In 
such cases reduction of the fractures may be quite 
secondary as the respiratory condition demands 
more urgent attention. 

Watson-Jones (1955) warns that an artificial 
respirator is sometimes needed. Gray (1942) and 
Hagen (1945) also advise the use of mechanical 
respirators. We have elsewhere (Lodge and 
Gueukdjian, 1955) stressed the importance of keeping 
the air passages free in cases of multiple chest 
injuries and have advocated emergency tracheotomy 
whenever asphyxia is to be feared. 

The advantages of tracheotomy are that it is easy 
to perform under local anaesthesia. Although it is 
desirable to do the operation under surgical con- 
ditions, it can, in dire emergency, be done in heroic 
situations, necessitating few or no instruments. A 
pen-knife, stethoscope tubing, or a cut metal 
thermometer case may be useful in emergency 
(Lodge and Gueukdjian, 1955). Once inserted, a 
tracheotomy tube is easy to look after. Aspirations 
are simpler and more efficient than without the tube; 
the technique of aspiration can quickly be learnt by 
untrained staff. Tracheo-bronchoscopic aspiration 


is tiresome and exhausting for the patient, especially 
if repeated often. After tracheotomy, respiratory 
movements are more free. There is less tendency 
for the injured thoracic segment to “ float’ during 
inspiration and expiration (Carter and Giuseffi, 
1951). Increased respiratory movements and 
reduction in the dead air-space after tracheotomy 
induce an increase in the effective tidal volume. As 
respiratory movements require less muscular exer- 
tion after tracheotomy, oxygen consumption is 
reduced. 

There are, therefore, physiological as well as 
mechanical factors which render tracheotomy 
valuable in the emergency management of severe 
chest injuries. 


Summary 

After road accidents, industrial hazards account 
for the greatest number of serious crush-injuries of 
the chest. In cases of multiple rib fractures with 
damage to the respiratory mechanism, ventilation 
may be dangerously jeopardized. It is suggested that 
emergency tracheotomy can be of great help in the 
management of these cases. An illustrative case is 
reported. 


Addendum 
As this paper was going to press, my attention 
was drawn to an interesting report by Hulman (1957) 
on the successful use of tracheotomy for flail chest. 
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MISCELLANEA 


A House-Surgeon’s Observations on 
Bronchitis in North Staffordshire Pottery 
Workers in 1864 


A. MEIKLEJOHN 


From the Department of Industrial Health, University of 
Glasgow 


(RECEIVED FOR PUBLICATION FEBRUARY 18, 1957) 


Charles Parsons was born on February 6, 1833, and 
died in his ninetieth year on March 24, 1922. In 1855 
he obtained the diplomas of M.R.C.S. and L.S.A. After 
holding the offices of house physician and assistant house 
surgeon at King’s College Hospital, London, in the 
summer of 1859 he was appointed house surgeon to the 
North Staffordshire Infirmary, which post he held until 
November, 1862. His patients were for the most part 
potters, colliers, and iron-workers. Respiratory diseases, 
acute and chronic, were prevalent among these workers. 
Dr. Parsons became very interested in these diseases of 
potters, particularly as they seemed to be caused by their 
occupations. He made careful observations, which he 
embraced in a thesis entitled On a Form of Bronchitis 
(simulating phthisis) which is Peculiar to Certain Branches 
of the Potting Trade. For this the University of Edinburgh 
in 1864, awarded him the degree of M.D. with Gold 
Medal. 

From the Dover poll books it appears that he began 
practice in that town about 1868 and he continued there 
until he retired to Tunbridge Wells in 1909. For a period 
of 30 years he was a consulting medical officer to the 
Royal Victoria Hospital at Dover. In addition to his 
high standing as a physician in the area, he was regarded 
as one of the worthies of the town. He was a fine 
musician and for many years he played the viola in the 
concerts organized by the Choral Union of which he was 
president from 1907 to 1909. Education was another of 
his interests and he played a prominent part in the found- 
ing of Dover College. Medical politics, however, were 
perhaps his main activity. For many years he was secre- 
tary and treasurer and later president of the South 
Eastern Division (Kent, Sussex, and Surrey) of the British 
Medical Association of which he became a member of 
Council and held the office of treasurer. In his family life 
he knew sadness and glory. He had seven sons and four 
daughters; two of his sons were killed in the South 
African War, one being awarded the Victoria Cross: 
three other sons were killed in the 1914-18 war. 

I have already mentioned that from 1859 to 1862— 
nearly 100 years ago—Dr. Parsons served as a house 


Photograph of Charles Parsons, M.D., taken for the “ coming- 
of-age " souvenir published by the Dover Choral Union during 
the period of his Presidency from 1907 to 1909. 


surgeon at the North Staffordshire Infirmary. It was 
during this period that he collected the material for his 
M.D. thesis. In the introduction he claims that the 
thesis (1864) is the first published account of this “* form 
of bronchitis * in potters. The thesis is a short essay of 
about 5,000 words. It consists of an account of his 
clinical and pathological observations, illustrated by 
details, including post-mortem findings, of three cases 
which had come under his care. He emphasizes that the 
local population were much opposed to post-mortem 
examinations. Indeed he asserts that “ frequently it 
happens that patients in a dying state insist on being 
removed to their homes to die, merely to avoid the 
possibility of a post-mortem examination without their 
sanction, should death occur in the Infirmary”. This 
accords with the later experience of Dr. J. T. Arlidge, 
Consulting Physician to the North Staffordshire In- 
firmary, who delivered the Milroy Lectures on ‘* Occu- 
pations and Trades in Relation to Public Health *’ at the 
Royal College of Physicians in 1889 (Arlidge, 1889). In 
connexion with the three necropsies recorded by Parsons 
it is of interest that as a preliminary to investigation “* the 
lungs were injected ”’. 
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At present in Great Britain many workers are actively 


pursuing investigations into bronchitis and emphysema 
in the general population and among workmen exposed 
to harmful dusts. These enquiries embrace the epidemio- 
logy, clinical manifestations, bacteriology, pathology, 
and measurement of pulmonary function. The following 
excerpts from Dr. Parsons’ thesis are of interest, revealing, 
as they do, the thoughts of a young physician on these 
subjects nearly a century ago. 


Identification of the Disease 

“ The signs and symptoms proper to one disease 
have sometimes manifested themselves in another 
differing entirely from it in nature and essence, so that 
two distinct diseases have been confounded merely 
from some similarity in their phases. It is only when 
their morbid anatomy has been carefully investigated 
and patiently studied that we are able rightly to 
interpret their pathology, and to reconcile apparently 
opposite diseases with nearly identical signs and 
symptoms.” 


Excavation of Fibrotic Tissue 
“* Bronchial glands at root of lung filled with black 
matter. One which has softened in the centre is of the 
size of a walnut, and contains a matter not gritty, but 
of appearance, feel, and consistency of thick black 
grease.” 


Action of Dust and Fibrosis 

** Independently of the thickening and hypertrophy 
of the walls of the bronchial tubes resulting from 
inflammation, the presence of fine dust acting as a 
foreign body creates irritation of the mucous surface, 
followed by exudation from the bronchial membrane 
in which probably the dust is embedded. In this way 
the tubes become narrowed directly, and respiration is 
impeded; and indirectly by the pressure of infiltrated 
exudation matter which sometimes extends beyond the 
walls of the tubes, and encroaches on the adjacent 
lung substance. This diminution of calibre and con- 
striction may gradually lead to obliteration of the 
finer bronchi, and to collapse of the air vesicles in 
which they terminate. Nay, more, it is not impossible 
that particles of fine dust may find their way into the 
minute air-cells themselves, and induce changes in 
them similar to those which take place in the air-tubes. 

But this induration-matter may impede the function 
of the lung-substance in another way, by obliterating 
the vessels distributed to it and cutting off its supply 
of blood, so that atrophy of the tissues follows; and 
by obstructing the capillary circulation local con- 
gestion is favoured, and the blood but imperfectly 
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oxygenated. Hence arises distressing dyspnoea and a 
dusky hue of the face. 

Under circumstances such as these it is, I apprehend, 
that the emphysema recorded is apt to occur. Many 
are the theories that have been offered in explanation 
of its mechanism, and none of them is entirely satis- 
factory. Most of them have some truth in them, but 
not the whole truth. Neither of them is applicable in 
every instance.” 


The Development of Emphysema 

** | venture, therefore, to offer the following explana- 
tion, as that which coincides most readily with the 
anatomical characters of the disease I am describing :— 

It is not improbable that the act of coughing of 
itself is sufficient to cause some dilatation of even 
healthy air-vesicles if continued for a number of years; 
for the glottis being closed, and the walls of the chest, 
the diaphragm, etc., thrown into violent contraction, 
the pressure that is exercised upon the air-cells dur- 
ing the act must be enormous. But when to this is added 
the obliteration of some vesicles, the diminished 
expansion of others, and obstruction of the finer 
bronchi through the infiltration of exudation-matter, 
the strain that is thrown upon the patulous tubes and 
cells is necessarily so much the greater, whilst their 
elastic resistance remains the same, and dilatation is 
the consequence. 

If, then, such change can take place in air-cells 
whose walls are healthy, how much more likely is the 
distension to occur in vesicles whose parietes are 
degenerated ? I have already shown in what manner 
the small vessels surrounding the air-cells are obliter- 
ated; and the nutritive supply being cut off, atrophy 
of the walls must follow as a natural sequence. 
Independently of this, however, the mere act of dis- 
tension alone by compressing the capillaries between 
the vesicles cannot but interfere with the nutrition of 
the texture, and initiate atrophic changes favourable 
to further distension. This emphysematous condition 
is usually observed on the surface of the lung where 
it is most deficient of support. 

Again, commensurate with this deficiency of nutri- 
tion in the air vesicles is the impairment of their 
elasticity and tonicity. They become as it were 
paralysed, and offer little or no resistance to the ingress 
of air in excess, whilst at the same time they contribute 
but feebly to its expulsion; a large portion of it 
apparently remaining stagnant, and the remainder 
being slowly expired.” 
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**A Study of Attitudes to 
Factory Work’’: A Review 


H. G. MAULE 


The name Wyatt on a report of the Industrial Health 
Research Board or the Medical Research Council 
ensures that a thorough and painstaking study has been 
conducted and an interesting and informative report has 
been written. The Study of Attitudes to Factory Work 
by Wyatt and Marriott and their colleagues is no 
exception.* 

The report describes an investigation carried out in 
three large mass production factories—two motor 
manufacturers and a steel rolling plant. The object of 
the survey was to examine some of the causes of satis- 
faction and discontent in these types of factory com- 
munities, and to determine the conditions that make for 
efficient working and human stability. The method of 
investigation was by means of the confidential interview 
carefully planned to cover precisely the ground required 
and yet to leave the interviewed worker with the maxi- 
mum freedom to say what he liked about the things that 
were important to him. The report starts with a clear 
statement on the sample of worker for interview, the 
method of assessment of satisfaction or dissatisfaction 
from each individual, and the way in which an “ index 
of satisfaction *’ was obtained. It then goes straight into 
the wealth of material that emerged. 

Previous studies by Wyatt and others have shown that 
the workers’ chief concern is centred round the operations 
performed, wages, systems of payment, security of em- 
ployment, chances of promotion, relations with work- 
mates and others, and so on. This report concerns itself 
almost entirely with attitudes to the job performed and 
to group incentive payment. 

To those unfamiliar with factory work, it probably 
comes as a surprise to find that among men working at 
fairly simple repetitive tasks the general level of satisfac- 
tion was high. Rather more than one in four of the men 
assessed themselves as very satisfied, an additional 44% 
as moderately satisfied with their job, and less than 10% 
were dissatisfied. There are various possible explanations ; 
the dissatisfied workers may leave the job, they might be 
reluctant to speak their mind, peace of mind may be 
preserved by deceiving oneself that one is not dissatisfied. 
(This raises a nice philosophical point: if one deceives 
oneself into thinking one is satisfied is one in fact, 
satisfied or dissatisfied 7) Alternatively these may be the 
accurate measurements of attitudes to repetitive work. 

Although length of service was not related to level of 


*A Study of Attitudes to Factory Work. By S. Wyatt and 
R. Marriott, assisted by R. A. Denerley, H. Campbell, J. Walker, 
Yvonne Kapp, and F. G. L. Stock. Medical Research Council 
Special Report Series No. 292. (10s.) H.M.S.O. 1956. 


satisfaction, older workers tended to be more satisfied 
than younger ones. This relationship between age and 
satisfaction was observed both in low and in medium 
pay groups. Older men in low pay groups who had not 
made, and had little prospect of making, progress were 
more satisfied than younger men so placed. Most of these 
men were aware of their own limitations and regarded 
their pay as an adequate return for their work. 

Although the group were all engaged on relatively 
simple repetitive work, three levels of skill could be 
distinguished. The least skilled group, working on a 
mechanically controlled conveyor, were less satisfied 
than those on individual machines or hand work. 
Certain patterns of likes and dislikes emerged from the 
responses. Fifty per cent of the workers referred to the 
interest of their work; 30% to the monotony. Familiarity 
with the job was a reason for liking it. It is evident that 
work that may initially be distasteful and tedious can 
become reasonably tolerable and satisfying as workers 
become used to it. Fifteen per cent of the men in the 
motor car factories commented favourably on the sim- 
plicity of their work, though sometimes what was 
described as variety by an operator could hardly be 
recognized as such by the observer. Pride in achievement 
was a source of satisfaction for rather less than 10% 
of workers in each of the factories and the authors 
comment that * we know very little about the particular 
feature of work which makes a man feel proud . . . that 
so few men said anything that would be even remotely 
construed as expressing pride in work is both significant 
and disturbing 

Even fewer referred to the satisfaction derived from 
their skill and the number of jobs offering a challenge to 
a man’s ability and skill was very small. Although there 
were not many references to the absence of skill the most 
numerous and fervent complaints about the unskilled 
nature of their work came from a group of craftsmen 
employed on semi-skilled work. 

Monotony was mentioned by many workers—nearly 
half in the motor factories and 12% in the steel rolling 
mills. Simplicity, uniformity, regularity, or repetition 
were the hall marks of the monotonous job. But as is 
so often found, what one man thought to be monotonous 
another regarded as interesting. 

Although the enquiry was directed at attitudes to the 
job itself many replies contained references to work- 
mates, money and other jobs. References to people 
were generally limited to a man’s own working group, 
and between 19 and 28% of workers commented favour- 
ably on such “ social *’ aspects of their work. 

The subtle effect of such social relationships is well 
described : 

** When a man joins the stream of workers going 
through the factory gate he loses some of his individu- 
ality and becomes a member of the factory community. 
When he reaches his bench he becomes an integral 
part of a smaller and more compact group, and reacts 
to group feelings and behaviour. He derives comfort 
from the presence of others doing the same kind of 
work, and a task which is intrinsically distasteful and 
monotonous may become acceptable and even mildly 
enjoyable under the subtle influences of group 
companionship.” 
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Perhaps we do not recognize that these same influences 
working towards peace and harmony in these circum- 
stances may, in times of dispute and anger, be the cement 
that bonds strikers together and makes men appear to be 
unreasonable and intransigent. 

As work itself becomes less satisfying so human 
relationships become more important, and the out- 
standing importance of relationships between work- 
mates and supervisors is still inadequately appreciated. 

Bodily comfort was a topic that drew considerable 
comment, those unfavourable being more numerous 
than those favourable. When subdivided into different 
headings, speed of work, weight of work, material 
conditions (dirt, etc.), and environmental conditions 
(atmosphere) were the most significant. It is well known 
that many factory workers Cislike being kept idle; work 
that keeps a man going is more likely to be satisfying. 
What is less well recognized are the imperfections of 
time study men in relation to individual operators. This 
may be due to two separate factors. On the one hand the 
“average man’”’, for whose performance the time study 
standards are set, may represent the majority, but there 
will still be many “ fast’’ and “slow” workers, for 
both of whom the standards are inappropriate and 
unsatisfying. Secondly “errors of judgment” by the 
time study man are by no means unknown. 

Although many men engaged in heavy work derived 
satisfaction from their pride in their strength, older men 
in heavy jobs were often anxious about their future. 
Material factors and environmental conditions were both 
productive of more unfavourable than favourable com- 
ments, poor materials and defective tools being as 
frequently mentioned as dirt and grease. Atmospheric 
conditions (heat, cold, draughts) were mentioned by 
23% 18%, and 48° of the men in the three faciories. 
The number of men who said that their wages were the 
only thing they liked about their job ranged from 15 to 
18 °%% in the three factories. As interest in the job decreased 
so money tended to become more important. To those 
whose jobs have few or no compensating satisfaction the 
importance of wages is naturally considerable. As many 
as 89°% of the men in factory A were satisfied with their 
earnings; in factory C the figure was 52%. In each 
factory wages were above average for similar types of 
work. There was a tendency for the men to make com- 
parisons between their present and former jobs, and a 
number of interesting comparisons were noted. Status 
value was associated with longer cycle time for the job. 
A common source of unfavourable comment was a 
comparison between former skilled and present un- 
skilled jobs. Various comments illustrate the sense of 
frustration experienced by the craftsman no longer able 
to use his skill, knowledge, or initiative. 


Attitudes to Group Incentive Payment Systems 

The second half of the report is concerned with 
attitudes of the same group of workers to group incentive 
payment systems. Although time rates are still more 
common than piece rates there seems to be a growing 
tendency in industry to equate earnings to output. All 
the workers covered by the second section of the report 
were paid on the basis of the output of a group of 


workers, tough the actual method of payment varied. 

The three principal methods were, in Factory A 
group bonus, in Factory B group piece work, and in 
Factory C communal bonus, group unit and indirect 
bonus. The group bonus of Factory A was based on the 
relation between the time actually taken and the time 
allowed for a job. As efficiency increased so the per- 
centage paid as bonus increased giving a geometrical 
relationship between efficiency and bonus. The group 
piece work payment in Factory B gave each worker in 
the group earnings directly proportional to output. 
Factory C’s system included less direct methods of 
calculation. 

The men were asked about their likes and dislikes of 
the systems of payment. The general attitude to all five 
forms of group payment was favourable, with communal 
bonus and group piece work systems most satisfying, and 
group unit and indirect bonus systems the least satisfying. 
There are, however, certain reservations made on account 
of the methodology of the enquiry. It is possible that 
satisfaction with a system of payment might be influenced 
by the amount of earnings the system produces. This 
was examined and, on the whole, it was shown that it 
did not apply to any great extent. 

Nevertheless, the form of payment was by no means 
the only determinant of attitude. It had been shown 
previously that both output and earnings decreased as 
the group size increased. This study demonstrated that 
small groups were more satisfied than large groups and 
small groups spoke more frequently of the favourable 
effects of group payment on both earnings and personal 
relations. 

The comments made by the workers were analysed 
and classified, and, despite the difficulties of such 
classification, the results showed that the amount of 
earnings caused more comment than any other single 
aspect of group payment. Other comments included 
references to standard times and rates of payment; when 
these yielded a good and consistent wage or bonus 
comments were favourable. When earnings were ad- 
versely affected by anomalies in rates and standards, or 
by material and mechanical difficulties, comments were 
unfavourable. On the whole it seemed that good wages, 
like good standards, tend to be taken for granted. A 
deviation downward from an accepted level was resented 
and sometimes strongly condemned. 

Social aspects of group payment gave rise to comment 
from over 50% of the men; the proportion commenting 
varied in the different factories. Favourable comments 
included the view that it promotes team work, leads to 
pressure from the group on slackers, instils group 
loyalty and good feeling. The type and frequency of 
comment, however, were very varied, ranging from the 
socially minded to the individualist. Some men preferred 
cooperation to competition, and friendly relations to 
financial gain. Some were ready to help and to tolerate 
slower or older men. To others these were a nuisance. 

It has often been said that for a piece rate or bonus 
system to be good it must be readily understood by the 
worker. In the systems examined the proportion of 
workers who said they could not work out for themselves 
how much they had earned varied from 41% to 81%. 
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The number who gave this as a reason for disliking the 
system was, however, comparatively small, though 
unfavourable comments indicated a feeling of dependence 
upon others and feelings of frustration. 

About 40% of the men compared their own system of 
payment with other systems, sometimes favourably and 
sometimes unfavourably. 

Supervisors were also asked for their views. While 
financial incentives were accepted as the most important, 
and indeed perhaps the only incentive, in each factory 
most supervisors mentioned more than one incentive. 
In Factory A, where the number of named incentives was 
highest, the managing director kept himself informed 
of the needs and aspirations of the workers, and did his 
utmost to provide for the security, opportunity, welfare, 
and social and recreational activities that they required. 
In this factory, 40% of the workers spoke of this person 
as being responsible for the things they liked. 

The final discussion deserves to be read in full. Much 
experience and sense is packed into the last six pages. 
With characteristic modesty the report ends by suggesting 
that * even a limited survey of the type described shows 
what workers like and dislike and to that extent it can be 
used as a guide to managerial policy and practice”. 
There are pitfalls in the introduction of almost any 
system of payment. “ The main thing is to make the 
worker feel that he is getting a square deal, and if this is 
done he will usually give a square deal in return.” 

How important it is that this admirable study should 
be regarded as the beginning and not the end of researches 
into attitudes to factory work. Management should at 
last recognize that the social or industrial psychologist 
has a real contribution to make in providing facts, the 
understanding of which is essential if a sound man- 
agement policy is to emerge. 
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The British Occupational Hygiene 
Society 


An ordinary scientific meeting of the British Occupa- 
tional Hygiene Society was held at the London Schooi 
of Hygiene and Tropical Medicine on February 13, 1957. 
The Society’s president, Dr. C. G. Warner, was in the 
chair and about 40 members and their guests attended 
the meeting. Five communications were presented to 
the meeting on a variety of subjects of interest to members 
and each was fully discussed. Brief synopses of these 
communications are given below. 


Inert-gas Metal-arc Welding 

JOAN BeprForD, P. J. R. CHALLEN, and D. E. HickisH, 
London School of Hygiene and Slough Industrial Health 
Service, outlined the inert-gas-shielded method of welding 
aluminium and the chemical hazards arising from its use. 
An industrial hygiene investigation had been carried 
out in a workshop where this method is employed in the 
fabrication of aluminium containers. Air sampling was 
carried out for ozone, trichloro-ethylene, and phosgene, 
and concentrations of ozone were found to exceed the 
maximum allowable concentration. The toxicity of 
ozone was reviewed and clinical findings presented. 
Preliminary tests of a system of local exhaust ventilation 
for the automatic welding machines were described. 


Heated Floors and Comfort 

F. A. CHRENKO, Medical Research Council, described 
experiments conducted with three women and five men 
who wore their usual shoes and indoor clothing. In a 
given experiment which lasted for one hour a subject 
either sat with his feet on a heated floor or walked 
slowly to and fro. Altogether, about 380 experiments 
were made on sitting subjects and 480 experiments on 
walking subjects. 

The air temperatures in these experiments ranged from 
58° to 76° F. and averaged 68° F. In any single experi- 
ment the drift in air temperature was negligible. High 
floor-surface temperatures produced discomfort because 
the feet, and especially the soles, became uncomfortably 
warm, and this was shown by high skin temperatures. 
A skin temperature of 93-6° F. on the sole of the foot 
was associated with a 50% incidence of discomfort. 
The feet did not become uncomfortably warm until the 
floor temperature exceeded 77° F., and it is concluded 
that in a room maintained at a normal temperature the 
floor temperature should not exceed 77° F., or preferably 
75°F. Tolerance of the subjects to heated floors was 
found to vary with the temperature of the air so that a 
higher floor temperature could be tolerated as the air 
temperature was lowered. Mercury-in-rubber strain 
gauges were used to detect any changes in girths of the 
ankle and instep when subjects were exposed to a heated 
floor, but the results were indeterminate. The skin 
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temperature of the sole at which the incidence of dis- 
comfort began to rise rapidly was about the same as 
that at which a rapid increase in blood flow through the 
foot might be expected. The results of the present 
experiments were compared with the conclusions reached 
in some earlier investigations. The results of these 
experiments were published in full in a recent paper in 
this Journal (14, 13, 1957). 


A Universal Entraining Unit for Use in the Determination 
of Atmospheric Contamination 

K. W. Hormes, J. Mackay, and R. E. WILSON, 
Ministry of Supply, described and demonstrated an 
apparatus which has been constructed for entraining 
samples of contaminated air without recourse to normal 
services, such as water or electricity. This apparatus also 
measured the volume of air passing through the entraining 
unit. 

Beryllium Monitoring 

A. H. GiLtieson, Atomic Energy Research Establish- 
ment, briefly introduced the nature of and analytical 
problems presented by the hazard of air-borne beryllium 
compounds. Two methods for the detection and estima- 
tion of beryllium or its compounds, as dust or aerosols, 
in laboratory or plant atmospheres were outlined. Both 
methods were spectrographic, the first being a develop- 
ment of the normal filter collection procedure for rapid 
spectrographic analysis; the second applied a relatively 
new direct recording spectrographic technique whereby 
an instantaneous indication of the beryllium content 
of the sampled air is given. Both methods have been 
developed by the Research Group of the U.K.A.E.A. 
by two different teams of spectrographers. The first 
method is the more accurate, but sampling time being of 
necessity relatively long the average beryllium concentra- 
tion over the sampling period is measured. The second 
method is inherently less accurate because of its sensi- 
tivity to particle size, but it gives in practice an almost 
instantaneous (20 seconds) indication of the presence of 
an air-borne beryllium hazard. 


The Thermal Environment in Non-ferrous Foundries 

W. B. Lawrir, Ministry of Labour and National 
Service, and D. Turner, Medical Research Council, 
reported measurements of the various factors in the 
thermal environment made in a number of typical die- 
casting foundries in an attempt to assess the severity of 
any thermal stress imposed on the foundrymen and to 
suggest ways in which this stress might be reduced. The 
degree of stress was found to vary markedly from place 
to place, being largely dependent upon the melting 
procedures in use. It was apparent that many conven- 
tional furnaces were thermally inefficient. An oil-fired 
furnace was designed in which the thermal efficiency 
was much increased, resulting in much cooler working 
conditions in the foundry. Some of the results obtained, 
and a full description of the reverberatory furnace, have 
been published.* 


* Turner, D., Lawrie, W. B., Eyden, A., and Edwards, A. (1956). 
Metal Ind. (Lond.), 88, 393, 413. (See also p. 177 of this issue.) 


BOOK REVIEWS 


Symposium of Tuberculosis. Edited by F. R. G. Heaf. 
(Pp. xvi + 755; 78 plates, 54 figures. £5 5s.) London: 
Cassell. 1957. 


This book is a collection of essays of varying style and 
merit forming a valuable textbook with the emphasis 
in the right places. The editor, Professor Heaf, states in 
the foreword that the book is particularly directed towards 
helping those who work in countries where tuberculosis 
is still a major health problem. But all except the most 
complacent in any country can profit from it. Ideas on 
treatment change so rapidly at present that it is impos- 
sible for the critical physician to teach dogma; and to 
write didactically but still be convincing and clear is 
very difficult. It is, therefore, not a criticism of the 
authors to say that the sections on the treatment of 
pulmonary tuberculosis are not likely to be as useful as 
some other parts of the book. The deliberate emphasis 
on prevention and the practical details of chest clinic 
routine and public health practice is refreshing after a 
decade of preoccupation with therapeutic advances and 
the widening clinical interests of the chest specialist. The 
relatively neglected subject of the relationship between 
tuberculosis and the industrial environment is well 
reviewed by Dr. Alice Stewart; and Dr. P. V. Benjamin 
of India contributes a valuable chapter on the problems 
of tuberculosis control in the economically under- 
developed countries. The references given with each 
chapter are useful: but they would be more so if the 
practice of giving the titles of articles had been adopted. 
The purpose of a reference in a text-book is not only to 
authenticate a statement in the text but to show the 
reader where he can find more details of the subject; 
and the title of the paper is necessary to show him the 
scope of the work referred to. 

J. R. BIGNALL 


Ministry of Fuel and Power: Pneumoconiosis in the 
Mining and Quarrying Industries. Digest of Statistics, 
1955. (Pp. iv 20. 3s.) London: H.M.S.O. 1956. 


This publication is the fifth of an annual series in 
which statistics relating to pneumoconiosis (including 
silicosis and asbestosis) are assembled. Although with 
few exceptions the tables are derived from the records 
of the Ministry of Pensions and National Insurance, 
their scope is limited to the mining and quarrying 
industries, whose health and welfare are the concern of 
the Ministry of Fuel and Power. This purely administra- 
tive distinction means that the tables give no information 
about some 17% (in 1955) of the cases of pneumoconiosis 
newly diagnosed, of which more than half come from 
the pottery and foundry industries. {Ministry of Pensions 
and National Service. Annual Report, 1955. H.M.S.O. 
1956.) 


ay 
| 
3 
3 
i 


BOOK REVIEWS 217 


The short title of this publication, ** Digest of Pneumo- 
coniosis Statistics”, is thus slightly misleading, but 
within its specified field it brings together most of the 
useful figures available which relate to applications for 
compensation for pneumoconiosis. The various tables 
subdivide the claimants according to their industry of 
origin (for coal-miners their National Coal Board Division 
and Area), the outcome of their claim, their age, and the 
advice as to future employment offered to them. Three 
tables provided by the National Coal Board analyse the 
employment of men referred to them by the Pneumoco- 
niosis Panels in relation to the advice offered, showing 
whether suitable employment was offered and accepted, 
offered and rejected, or not available. A noteworthy 
feature is revealed by the table which gives assessments 
of disability. As high a proportion as 55% of the newly- 
diagnosed coal-miners were assessed as having 10% 
disability, or less, and only 2% were thought to be 
completely disabled. Either many cases are diagnosed 
at a relatively early stage, or the disability associated 
with pneumoconiosis is, on the average, small. It would 
be of value if simple and complicated pneumoconiosis 
could be distinguished in the tables, since the aetiology 
of these two forms is thought to be different, and the 
associated disability to be greater when massive fibrosis is 
present. 

The Digest provides valuable data for those concerned 
with the problems raised by the application of the 
Industrial Injuries and Workmen’s Compensation Acts 
to pneumoconiosis, particularly the appropriate Minis- 
tries, the employers, and the trade unions. It will inevit- 
ably be referred to also by those concerned with the 
prevention of pneumoconiosis, but here great caution is 
necessary. The reasons are clearly set out in the intro- 
duction to the Digest: 

‘** Current increases in the number of men who are 
certified to be suffering from pneumoconiosis provide 
no guide to the present risks of contracting the disease. 
It must be remembered that pneumoconiosis is the 
result of many years of exposure to dust in the mining 
and quarrying industries, and that the majority of 
cases are in the older age groups. Cases now being 
diagnosed are the product of dust conditions of many 
years ago, before the present arrangements for dust 
suppression were in operation. The rise in numbers 
of new certifications is mainly attributable to increasing 
awareness of the disease as a result of which workmen 
are very sensibly showing a greater readiness to be 
x-rayed. Mass miniature radiography and other x-ray 
surveys at the collieries chosen for research on pneu- 
moconiosis have undoubtedly contributed to this 
awareness. Rises in certification figures therefore 
should not necessarily be taken as indicating that the 
true prevalence of the disease is increasing.” 
Speculations provoked by changes and trends in these 

annual figures might provide useful guidance; it is far 
more likely that they would lead to ill-founded criticism 
of present methods of inspection and control and to 
unnecessary administrative action. 

P. D. OLDHAM 


In their Early Twenties: A Study of Glasgow Youth. 
By T. Ferguson and J. Cunnison. (Pp. vi + 110. 
12s. 6d.) London: Oxford University Press. 1956. 


This work presents a follow-up study of a large 
number of young people who left school in Glasgow 
in 1947. It excludes those who were serving apprentice- 
ships or receiving special training and who claimed 
deferment from National Service, approximately 30°% of 
the total. The book, as a whole, is an attempt to estimate 
the impact of National Service on young people. For 
this purpose the young men are divided into two groups, 
those rejected for National Service and those accepted, 
and a comparison is made between them. 

Many interesting points emerge, but in ‘almost every 
case the differences noted are too small to form the basis 
of judgment. In many cases the differences are those 
which might be expected. Nearly one-third of those 
accepted for National Service had at least started an 
apprenticeship though nearly 8°, had lapsed, while the 
number of unskilled boys was higher than the average 
of all boys because of the deferment of the more able 
and stable lads. National Servicemen form, therefore, to 
some extent, a selected group. Those rejected for National 
Service had a definitely poorer background and poorer 
record. 

Ignoring the absence of the apprenticeship element, 
Professor Ferguson suggests that those accepted conform 
to the average of performance and says that in con- 
sidering the record after National Service it would be 
unrealistic to expect the lads rejected to do as well as 
those accepted. In spite of this difference the percentages 
serving apprenticeships at 17 were, rejected 28, accepted 
33-3, while at 22 the figures for those in skilled work 
were rejected 21 and accepted 24:3. Often the unfit and 
the less intelligent stick more closely to their jobs, some 
because they value security, others because they lack 
initiative. The deciding factor with a high proportion 
of all lads is the way they are treated by the firm, the 
sense of purpose and personal value they are given. Com- 
parisons are made between boys serving in the R.A.P. 
and the Army, and the differences should be appreciable 
because the R.A.F. is known to be more selective; one 
out of two is rejected and those rejected go automatically 
into the Army. On the whole the figures show R.A.F. 
performance on return to civilian life to be better. The 
proportion of all lads rejected for National Service from 
Glasgow is 33° compared with about 20% for the 
country as a whole. 

it is certainly not surprising that the great majority 
said they preferred civilian life and considered that 
National Service was just a job to be done. On return 
from National Service approximately 32% of the men 
continued an apprenticeship or some form of training. 
Two years later 8-6°% were still undergoing training and 
15-5°% had completed training, a wastage of 8%. 

Of those rejected for National Service at 20 about 
23-5% were still undergoing training and two years later 
18% had either completed training or were still in 
training, a wastage of 5-5°%. This may be due to the 
unsettling effect of National Service but that may be 
good rather than bad, if it means that lads are less easily 
satisfied with the second-rate, and the dull monotony 
of repetitive work. In any case those who interrupt their 
apprenticeship to do National Service are on the whole 
less stable than those who are deferred. The drift from 
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skilled to semi-skilled work between the ages of 20 and 
22 may represent, also, the effect of lack of wage dif- 
ferentials. The grading between skilled and unskilled 
work is often difficult to assess. A much higher pro- 
portion of those rejected for National Service were 
performing unskilled work at 17 and 22. 

In view of the fact that many boys take apprentice- 
ships with a minimum of preparation or selection it 
might be argued that the failure rate is really remarkably 
low, especially when it is remembered that the failure 
rate of carefully selected and prepared students for 
university courses varies from 13% to over 20%. 

It is interesting that the proportion of men convicted 
of crimes, whether accepted or rejected for Service, rose 
steeply as the level of scholastic ability declined, and 
was closely associated with the standard of home and 
housing. It is a pity that convictions between the ages 
of 8 and 22 are combined because many will commit a 
crime at the earlier age and not at the later. In short 
there are so many factors to be taken into consideration 
and these are so inter-connected that it is a very difficult, 
if not impossible, task to evaluate them in detail. It is 
therefore not altogether unexpected that the groups 
should fail to show appreciable differences. No mention 
is made of the effect of the introduction in 1950 of the 
three-year engagement system which enabled lads to 
obtain a selected training in the Forces. During the years 
under review the war in Korea and Malaya was causing 
concern to parents, and many parents and employers 
did much to hinder and little to help the lads to make 
the best of their Service. Pre-Service courses can be 
most valuable. It is possible that an up-to-date survey 
might show appreciably different results. Rather than 
compiling a large amount of statistics, which makes the 
text in places hard to follow, it is possible that more 
could be gained by a personal assessment of individual 
cases taken on a random sample basis. 

However, the book contains many valuable points for 


reference and will, undoubtedly, be of value to anyone 
interested in the problems of youth. 


M. E. M. HEerForD 


The Treatment of Fractures, Vol. I. By Lorenz 
Bohler. (Pp. xxxii + 1,072; 1,527 figures. £8. 12s.; 
$24.50.) London and New York: Grune and Stratton. 
1956. 


The first edition of this epic was published in 1929 
and the fourth English edition of 1935 only contained 
567 pages. Now, 20 years later, comes the next English 
translation and it is very welcome. Professor Bohler’s 
early works were unique as he had unrivalled experience 
in fractures and talked with an authority that could not 
be contradicted. This edition is very similar to the old 
one except in its size, for this is the first of three volumes 
and extends to 1,072 pages. 

The chapter on open injuries consists largely of his 
war experiences and little mention is made of penicillin; 
thus it is out of date. His treatment of closed fractures 
has not changed very much and many of the illustrations 
are the same as in the first edition, but his methods are 
still sound and show how good results can be obtained 
without excessive operative interference. His liking, 
however, for local anaesthesia cannot now be accepted 
as a Satisfactory substitute for a general anaesthetic. 
I am pleased that he still advocates the use of unpadded 
plasters. 

In spite of the increase in size the spirit of the old 
** Bohler ” is still evident and we can find sound common 
sense which should be studied by the younger generation. 
One may not always agree with the treatment of individual 
types of fracture but if his principles are followed then 
fractures will be very well treated and results will be 
excellent. 

J. CRAW 
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POSITIVE answer to this question would make possible a 

A confident approach to the treatment of primary dysmenorrhoea. 
Although there appears to be many factors involved in the aetiology 
% of this disorder there can be little doubt that in a considerable 
: proportion of cases the immediate cause of pain is ischaemia due 
to uterine muscle spasm. 
The variable response of primary dysmenorrhoea to treatment has led 
to the view that a cup of tea, two analgesic tablets and a lie down 
provides the best regime. The impracticability of this method and the 
burden it adds to industry warranted the search for a more specific 
remedy. 
Dibutamide, the antispasmodic in Femerital, has been shown to have 
a specific action on the uterus. The substance is non toxic and its use 
is not complicated by side effects in other systems such as hypotension 
and constipation. In clinical trials covering more than 1,000 cases the 
favourable response is over 75°,. 
In order to reduce central sensitivity to pain Femerital contains in 
addition to Dibutamide, phenacetin and salicylamide; for its stimulant 
and mild diuretic effect it contains caffeine. 
Femerital thus provides a comprehensive and specific method for the 
treatment of dysmenorrhoea. 


Each tablet contains:— 
Dibutamide 100 mg. 
Salicylamide 125 mg. 
Phenacetin 125 mg. 
Caffeine 25 mg. 


BRAND DIBUTAMIDE 


Manufactured and distributed by 


M.C.P. PURE DRUGS LTD., 86, STRAND, LONDON, W.C.2. 
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in hay-fever 


Vasocort 
Spraypak 


The safe, effective treatment for allergic rhinitis 


Hydrocortisone 


—for the reduction of inflammation VASOCORT SPRAYPAK 


contains : hydrocortisone alcohol 0.02% 
phenylephrine hydrochioride 0.125°% 
‘Paredrinex’ (p-hydroxyamphet- 
amine hydrobromide ) 


2 decongestants 


—for rapid and prolonged relief from nasal blockage 


Smith Kline & French Laboratories Ltd, Coldharbour Lane, London SE5 
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** Ah! ” the new Apprenticeexclaimed 
triumphantly, “ Now you've told me © 
that Sternocleanse has hexachloro- 
phene in it, I see why it gives extra 
protection against is 

truly bactericidal! ” 

Our Oldest Hand took 
he'd got a bright one to deal with 

this time, and no mistake. ; 
“ There’s a smart lad. Now you just run — 
away and hexachioroform yourself, boy!” 


Sternocleanse’ 
barrier cream 


ROYAL LONDOM MOUSE, FINSBURY SQUARE, LONDON E.6.2 
MONarch 38718 


SOCIETY OF APOTHECARIES 


CLEANLINESS 


_ For hands and skin: 
_ Cleanser er Barrier? 


SAROUL HAND CLEANSER 
GIVES PROTECTION 


Testing Samples and Licerature free on request from Dopertment BS. 


Sandeman Brothers Utd. 
BILSLAND DRIVE MARYHILL GLASGOW 


Users of Sandeman Products indude 3. COATS 


DIPLOMA IN. > 
INDUSTRIAL HEALTH 
of the 


OF LONDON 


Ind, 195%. 
Admission te Examinations may be 


‘The Registrar, 
OF APOTHECARIES OF LONDON 
"BLACK PRIARS LANE, E.C4 


chemical irritants and friction! effects, Barrier subetances 
¢> offer certain protection during work, but may te penetrated 
by the abrasive effect of werking processes, and should 
4 is only secured by using -ipproved cleanser after work. 
Saroul is scientifically compounded te be fully efficient, 
either alone or in conjunction with barriers is net 
i, 
“a LTO . MINISTRY OF SUPPLY . NATKIMAL COAL BOARD 
: GLERRELD & KENMEDY LTD . FORD MOTOR Co. 
| conscious af tha parsmennt importance of — 
an efficient health service ta Indanry, has 
inetiteted this Diploma in Industrio! Health, 
The next Egamination begins on Decensber 
! obteined from 


BRITISH JOLRNAL OF INDUSTRIAL MEDICINE PULY,. #957 
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Hexachloropherucally 


speaking 


* Ah!” the new Apprentice exclaimed 
triumphantly, ““ Now you've told me 
that Sternocleanse has hexachloro- — 
phene in it, I see why it gives extra 
protection against dermatitis—it is 
truly bactericidal! ” 

Our Oldest Hand took a deep breath— 
he’d got a bright one to deal with 

this time, and no mistake. 


“ There’s a smart lad. Now you just run 
away and hexachloroform yourself, boy!” 


Sternocleanse 
barrier cream 


STERNOL LIMITED 
ROYAL LONDON HOUSE, FINSBURY SQUARE, LONDON E.C.2 
Tel.: MONarch 3871-5 


INDUSTRIAL 
CLEANLINESS 


For hands and skin: 


‘ Cleanser or Barrier? 


SAROUL HAND CLEANSER 
GIVES 244-HOUR PROTECTION 


Testing Samples and Literature free on request from Department 85. 


Sandeman Brothers Ltd. 
MARYHILL GLASGOW 


BILSLAND DRIVE 


instituted this Diploma in Industriel Health, 
which is of a very high standard and is open 
to registered medical practitioners, members 
of H.M. Services, and others, such as Examin- 


4 chemical irritants and frictional effects. Barrier substances 
offer certain protection during work, but may be penetrated 
by the abrasive effect of working processes, and should 
rf ee wr is only secured by using an approved cleanser after work. eer 
Saroul is scientifically compounded to be fully efficient, 
either alone or in conjunction with barriers. it is not a 
extends its protective effect into the hours after work. 
Users of Sandeman Products include J. & P. COATS 
LTD . MINISTRY OF SUPPLY . NATIONAL COAL BOARD 
GLENFIELD & KENNEDY LTD . FORD MOTOR CO. LTD 
a 
conscious of the paramount importance of : ce 
an efficient health service in Industry, has 
ing Surgeons, etc. 
Papers, Oral and Clinical — is held in July Ree 
and December. 
2nd, 1957. 
Regulations end Forms of Application for 
Admission to the Examinations may be 
: SOCIETY OF APOTHECARIES OF LONDON es 
ba | 
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INDUSTRIAL MEDICINE 


DRUGS - DRESSINGS - INSTRUMENTS - FURNITURE 


SERVICE — 


is the ideal of our London Staff at 19 HENDON 
LANE, FINCHLEY,N.3 and behind them is 
the experience and knowledge gained since 1816 


REYNOLDS BRANSON LTD. 


TELEPHONE NO.: FIN 0746 


Head office and works (to which provincial enquiries should be directed) 
“LEODIS” WORKS, NORTH WEST ROAD, LEEDS, 6 — TELEPHONE 29351 LEEDS 


is the incidence of 
Dermatitis in Industry 


declining ? 
No! In his Annual Report The Chief Inspector of 
Factories stated that the incidence of dermatitis in SOLUTIONS : 
industry is not lessening. in automatic glass dropper for 


Yet dermatitis can be controlled safely and simply 

by using Rozalex Barrier Creams. Applied before OPHTHALMIC, NASAL 
work,Rozalex is effective against almost every known - and 

industrial skin irritant and has been accepted as a AURAL MEDICATION 


standard barrier preparation by industry, hospitals, 


clinics and welfare workers for over 25 years. There These solutions are protected 
is a Rozalex Barrier Cream available for every type from contamination, remain 
of trade. Their full technical resources are at your stable indefinitely and are 
disposal on request to Rozalex Limited, ro Norfolk ready for immediate use. 
Street, Manchester 2. 
Over 30 different solutions available. 
Pr otect nands with A list will be sent on request. 
ROZALEX BENGUE & CO. LTD. 
Manufacturing Chemists 
Barrier Creams MOUNT PLEASANT - ALPERTON - WEMBLEY - MIDDLESEX 
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